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CO-OPERATION IN RESEARCH AND DEVELOPMENT 


HE impracticability of national self-sufficiency 

in defence had been increasingly recognized in 
Anglo-American relations, even before the Declaration 
of last autumn gave full expression to the common 
agreement that Britain and the United States can no 
longer afford to waste resources in skill and money 
but must make joint efforts fully co-operative. That 
much was recognized by the Howitt Committee, 
reporting in 1956, as a decisive reason for its reluctant 
recommendation that the Government should have 
permanent but limited powers to acquire the use of 
technical information in contracts for the supply of 
material for defence purposes. The resources of 
materials and of man-power in Britain are quite 
inadequate for us to hope to carry out in Government 
departments all the research that is desirable for 
defence purposes, and the real question behind the 
discussion on the Defence Contracts Bill is how far it 
will promote or hinder the free circulation of technical 
and scientific information. 

That is only one aspect of defence research, on 
which some 10 per cent of the defence vote is spent. 
An even more vital one for Britain is raised in the 
Fifth Special Report from the Select Committee on 
Estimates for the Session 1956-57*. The greater part 
of this document consists of the observations of the 
Admiralty upon the seventh report of the Select 
Committee on Estimates for the session 1955-56 on 
naval research and development ; but it also contains 
some comments from the Minister of Supply and the 
Minister of Defence on other recommendations of the 
Committee, in its second report of the session 1955- 
56, which are no less pertinent to the whole question 
of the scale and organization of defence research. 

In its seventh report for the session 1955-56, the 
Committee recommended an immediate examination 
of the possibility of merging naval and research 
development establishments with those working for 
other Government departments, including the Council 
for Scientific and Industrial Research, wherever this 
merger is practicable. The final decision on which 
establishments are to be merged should rest, the 
Committee suggests, with the Ministry of Defence. 
The Admiralty has during the past ten years or more 
been under fairly strong criticism for its reluctance to 
co-operate fully in research, and it now explains that 
it is already planning the merger of several of its own 
research and development establishments. A large 
measure of integration of the Services’ research and 
development programmes, and of co-ordination 
between those activities and those of non-Service 
research and development establishments already 
exists, and in particular, where appropriate, one 
Department assumes responsibility for the conduct of 
all research in certain fields. 


* Fifth Special Report from the Select Committee on Estimates, 
Session 1956-57. Pp. 25. (House of Commons Paper No. 307.) 


( 
(London : iM, “Stationery Office, 1957.) 1s. 3d. net. 


The present report of the Select Committee 
announces that in the light of the Committee’s 
earlier recommendation and of changes in the defence 
programme, the Ministry of Defence has agreed to 
undertake a review of all research and development 
facilities. This may prove to be a step forward, 
though it may carry us no further than the review 
of expenditure on research and development generally, 
which was made ten years ago by the Select Com- 
mittee on Estimates. What is needed is a review not 
of research facilities and plants but of defence 
research as a whole, and its balance with the national 
research effort as a whole. Only, for example, in such 
a context is it possible to judge how far our effort 
in nuclear research is adequate and justifiable in 
relation to the rest of the research effort demanded 
of the strictly limited resources—in man-power, 
institutions and materials—that are available in 
Britain ; and whether it is reasonable to employ some 
20,000 qualified scientists and engineers in the 
Government services. 

In this connexion, it is important to remember 
that, as Sir John Cockcroft recently remarked in 
Amsierdam, research equipment is now becoming so 
expensive that some must be considered not national 
but even international ventures if national economy 
is not to be distorted and a really efficient return 
secured on the investment. Under such conditions, 
it may become essential to consider the abandonment 
of whole projects, possibly in agreement with other 
countries. The fatal way could well be that beloved 
of the politician, of paring 10 per cent here and there 
in the hope of achieving a useful economy in the 
aggregate. 

Before considering the further implications of this 
proposal to review defence research and development 
facilities, it is as well to note the comments on other 
recommendations of the Select Committee. The 
Admiralty has agreed to amend the heading in the 
Navy Estimates, ‘“Research work by other Govern- 
ment Departments on Admiralty behalf’, to read, ir. 
the 1957-58 Estimates, ‘Stores and equipment 
supplied to, and research done for, Admiralty 
research departments by other Government depart- 
ments, etc.”’, and a note is to be added to make it 
clear that the Subhead 0 does not include all naval 
expenditure on research and development. The 
recommendation that for proposals for new works, 
services and equipment, research and development 
establishments should be treated as a single head- 
quarters service, and also the recommendations for 
extending to research and development the policy of 
amalgamating establishments with powers to make 
their proposals direct to the Admiralty, has been 
accepted ; but the Admiralty does not regard it as 
desirable or practicable to allow each of thirty 
research establishments a separate fund with dis- 
cretion to spend up to £300 on individual items, 
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though it has been decided to set aside each year a 
small central reserve fund to be administered by the 
Director of Research Programmes and Planning on 
which superintendents of research establishments can 
indent. 

The Admiralty questions whether the recom- 
mendation that research and development establish- 
ments should be made responsible to a single 
organization in the Admiralty for purposes of their 
programme of research, staffing and progress gives 
sufficient weight to the position of the Deputy Con- 
troller (Research and Development), who as scientific 
adviser to the Board of Admiralty and as deputy to 
the Controller is responsible for supervizing and 
co-ordinating the research and development pro- 
grammes. Accordingly, the Admiralty suggests that 
no great advantage is likely to result from placing 
such establishments under the direction of the heads 
of the purely scientific departments in the same way 
as the basic research establishments already do. It 
is pointed out that the Committee’s proposals would 
separate the responsibility for research and develop- 
ment from that for the final design and production, 
and that the Admiralty would prefer to reserve final 
judgment pending the report of the Admiralty Com- 
mittee, under the chairmanship of Sir Barclay Nihill, 
which is at present reviewing Admiralty organization 
in the material field. 

In the discussion of this recommendation, there is 
no reference to the Defence Research Policy Com- 
mittee or the position of the Deputy Controller in 
relation to that Committee, of which he is a member. 
This omission also bears on two other recommenda- 
tions which the Admiralty has, in principle, accepted : 
that if it is decided in future to open a new research 
and development establishment, particular care 
should be taken to site it in an area where it will 
not recruit in competition with existing research and 
development establishments, and that an early 
choice should be made between finding more suitable 
premises for the Royal Naval Physiological Labor- 
atory and arranging for such work as is necessary to 
be done elsewhere. Indeed, it already appears that 
if the most effective use is to be made of existing 
research institutions and available scientific and 
technical man-power, & good deal of close co-operation 
between the Defence Research Policy Committee and 
the Advisory Council for Scientific Policy is neces- 
sary. 

Three other recommendations of the Select Com- 
mittee are rejected by the Admiralty. The Admiralty 
considers that the present system affords full oppor- 
tunities for advancement consistent with the main- 
tenance of proper standards, and accordingly does 
not propose to evolve a system of promotion from 
the ‘assistant (scientific)’ grade to the ‘experimental 
officer’ grade and from the latter to the ‘scientific 
officer’ grade, which already draws 8 per cent of its 
officers from the experimental officer grade while the 
latter draws 17 per cent from the scientific assistants. 
The Admiralty also maintains that its present pro- 
cedure does obtain the most favourable possible 
research and development contracts with industry, 
nor does it accept the recommendation that the views 


NATURE 








March 8, 1958 


of the Director of Navy Contracts should be sought 
at an earlier stage in the formulation of the research 
and development programme. His essential con- 
tribution is to ensure that the work is carried out 
with maximum value to the Admiralty ; to consult 
him in the planning stage and in the decision which 
projects should be put out to industry and which 
should be carried out by the Admiralty research and 
development establishments, it is suggested, would 
not in general be of assistance. 

The Select Committee on Estimates in its second 
report, 1955-56, recommended review of the system 
of control to ensure that research projects (on military 
aircraft) are not continued after they have outlived 
their usefulness. The Minister of Supply and Minister 
of Defence now claim that the Director-General of 
Scientific Research (Air) and the Finance Branch 
keep all research projects under continuous review, 
while the Research and Development Board of the 
Ministry of Supply considers the list of projects 
periodically, and the Aircraft Research and Develop- 
ment Programmes Committee, of which the Controller 
of Aircraft is chairman and which includes repre- 
sentatives of the Naval and Air Staffs, does so 
annually. These arrangements, it is believed, should 
ensure that no project is continued after it ceases 
to be worth while, and it is pointed out that while 
the primary purpose of a research aircraft is usually 
to explore new fields of aerodynamics, when this has 
been done, the use of such aircraft for the flight 
testing of engines and equipment required for later 
operational aircraft of comparable characteristics 
usually offers economy in both time and money. 

A review of the effectiveness of the control by the 
Minister of Defence of projects was also recommended 
by the Committee. This control of the research and 
development programme is exercised in the main 
through the Defence Research Policy Committee, 
which has a strong scientific element in its com- 
position, including the Secretary of the Department 
of Scientific and Industrial Research. The Committee 
is served by a small full-time scientific and military 
staff which conducts a preparatory examination of 
all projects, dealing with minor projects on behalf of 
the Committee. Moreover, the Committee does not 
confine itself to military considerations, but also takes 
account of the call that a given project would make 
on resources of money, man-power and capacity in 
relation to the military and scientific advantage that 
the project would secure. 

To some extent the Defence Research Policy Com- 
mittee does contribute to that informal and flexible 
exchange of views which Sir Owen Wansbrougli- 
Jones described in his William Jackson Pope 
Memorial Lecture five years ago as an invaluable 
characteristic of the place which Britain now gives 
the scientist in the Services. Nevertheless, the cir- 
culation which the Defence Research Policy Com- 
mittee’s reports receive is inevitably restricted, and it 
would seem desirable to seek some further means of 
bringing outside informed criticism to bear on 
problems in which so large a scientific and techno- 
logical element now enters, quite apart from the 
appraisal of the total defence research effort in 
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relation to other demands on scientific and technical 
resources. The problem is essentially one of striking 
a balance between the free flow of information and 
the minimum amount of secrecy which defence 
considerations rightly demand; and it is important 
that due regard should be paid not simply to the 
dangers which may attend the disclosure of informa- 
tion, but also to the price which has inevitably to be 
paid in waste of man-power and materials and in 
the loss of constructive criticism and creative 
ideas for any secrecy or impediment to the 
flow of information in the proper professional 
channels. 

Neither risk is to be lightly disregarded ; at the 
present time, if Anglo-American co-operation in 
research and development is not to be hindered, the 
former must be a calculated risk. The right approach 
to both problems, however, is from the angle of 
securing the conditions in which scientific and tech- 
nological work is most fruitfully pursued, of which 
the maximum freedom of interchange of information 
is one of the first. That is a factor also if any searching 
review is to be made of defence research as a whole, 
and of its balance with the national research effort 
generally. Much depends here on the formal and 
informal organization of that effort at the highest 
level, and on the relations between the Ministers of 
Defence and Supply and the Lord President of the 
Council, for example. If they are adequately served 
and advised, it does not appear inherently impossible 
that the existing structure should provide what is 
needed, though in recent years doubts have been 
freely expressed as to the adequacy of the Lord 
President of the Council’s office in surveying civil 
research. Nor can the whole problem be divorced 
from that of the supply of trained man-power and 
the measures now being taken to maintain and 
increase that supply. 

The effective disposition of scientific and tech- 
nological man-power between defence and the several 
civil and industrial spheres, and the provision of 
adequate facilities, are really one problem. There 
must be no waste of trained man-power, either on 
work that could be carried out by less highly trained 
staff, through the absence of adequate equipment and 
facilities, by duplication of work being carried out 
elsewhere, or by failure to provide sufficiently for the 
communication of knowledge on which the stimu- 
lation of creative ideas largely depends. The task of 
co-ordination and balance is too immense to be 
entrusted to any one individual. It can best be 
carried out by ensuring that at all levels, from 
Ministers downwards, those concerned are fully alive 
to all the issues involved and capable of appreciating 
for themselves the scientific and technical aspects 
with the financial and military and _ other 
factors. 

Nor is this simply a matter of Government organ- 
ization alone. As was shown in the discussion which 
followed addresses to the Parliamentary and Scientific 
Committee on November 26, 1957, on problems 
of aircraft research and development in Great 
Britain, demonstration of an adequate policy to 
exploit our strength in aeronautical research—and in 
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other fields—depends on the closest collaboration 
with industry. Without such co-operation and full 
understanding, we cannot hope to use to the full the 
powerful resources for research and development 
which exist in Britain, resources which in quality are 
often as good as exist anywhere. Moreover, as Sir 
William Farren pointed out, apart from the question 
of shortage of trained man-power, it is a matter of 
retaining the ablest young scientists and technologists 
at their most creative period. No increase in the 
total output of scientists and technologists is likely 
to add appreciably to those of the highest ability ; 
and to provide the conditions which attract and 
retain the services of men of that class is a major 
responsibility not only of the aircraft industry but 
also of other industries, including the nationalized 
industries and public corporations. 

The aircraft industry is not a typical example of 
relations between industry and the Government, 
especially the Services, though differences in relations 
are rather in degree than in kind. Two points at 
least which emerged in this discussion have wide 
validity : the selection of projects and the problem 
of continuity. They are indeed related and have a 
vital bearing on the problem of Anglo-American 
co-operation. 

Referring to the assertion that research is too 
closely related to projects, Sir William Farren 
remarked that when well led, research will generate 
its own projects, and he emphasized the dependence 
of all technological advance on fundamental research 
and new knowledge. Once again the vital impertance 
of the unimpeded dissemination of new knowledge 
is apparent, and it would be fatal if any arrangements 
with the United States were allowed to place unjusti- 
fiable restrictions on the circulation of such ideas. 
Apart from the disastrous results of such measures 
on the stimulation of new ideas, every effort should 
be made to bring home both here and, as tactfully as 
possible to our allies, the force of Sir Ralph Glyn’s 
remark: ‘There has been more extravagance in 
expenditure due to documents being labelled ‘Secret’ 
than from any other single cause. . .. The word 
secret is very often applied in order to cover up 
extravagance”. 

In considering these relations between Government 
departments and industrial establishments in the 
matter of research, due weight should be given to 
factors which Sir George Thomson stressed in his 
Fawley Foundation Lecture, “The Strategy of 
Research”, last autumn. His reasons for believing 
that the serious difficulties of Government research 
establishments outweigh their advantages bear 
closely on the question of the distribution of our 
research effort both in defence and in the civil field. 
Further, its distribution has implications in regard to 
the second point, that of continuity, which is 
particularly liable to be jettisoned in Government 
establishments. 

The most important factor making for economy in 
research is the wise choice of targets or projects, and 
while it is true that one of the most difficult decisions 
which a director of research has to take is when to 
abandon a programme, it should be stressed that 
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that is not primarily or mainly a financial decision. 
Once a project has been selected, it should be carried 
through to completion, unless scientific and technical 
factors emerging in the course of the project point to 
its abandonment ; it should not be liable to inter- 
ruption to secure small 5 or 10 per cent savings in 
a research budget. On no other basis is the planning 
of research and development possible, and the need 
of the aircraft industry for this kind of security was 
emphasized before the Parliamentary and Scientific 
Committee. 

This commitment in advance to expenditure bears 
closely on the practicability of achieving effective 
economy in co-operative research between Great 
Britain and the United States. It implies that each 
country must surrender its right to abandon support 
of @ joint research or development project on which 
it has once agreed without the consent of the other 
parties to the agreement. Without this, waste rather 
than economy may result from such co-operative 
ventures. This implication is not likely to be accepted 
readily by the British Government, and it is essential 
that its importance and the reasons for such con- 
tinuity should be clearly understood in advance. To 
that end scientists and technologists generally should 
ensure that their professional associations consider 
carefully and fully all that is involved in 


this question of the most effective deployment of 


resources in research and development, both in 
defence and in the civil field, and in the co-operation 
with the United States now being examined. Even 
more than critical examination of points of detail is 
the clear and creative thinking out of which sound 
constructive proposals will emerge. 


PHYSICS AND METAPHYSICS 


Causality and Chance in Modern Physics 
By Prof. David Bohm. Pp. xi+170. (London: 
Routledge and Kegan Paul, Ltd., 1957.) 21s. net. 


HIS is the most paradoxical book I have seen 
for many years. Its author is not only a dis- 
tinguished physicist but also a thinker with progres- 
sive views on most things ; yet he is blind to one of the 
greatest of the advances in rational thinking which 
the development of physics has initiated. He purports 
to discuss fundamental aspects of modern science, but, 
scorning the scientific method established since 
Newton’s time, he revives the metaphysical attitude 
of system-makers like Descartes, whose self-assurance 
he wonderfully imitates. He holds out the expecta- 
tion that his ideas will eventually elucidate the 
strange properties of matter in its states of highest 
energy, but there is not a word in the book about the 
possible relation of these properties to the themes 
treated at great length in it. The elementary style of 
exposition could easily mislead the unwary student 
into the belief that he is here presented with a 
straightforward account of the problem stated in the 
title ; but what the specialist sees in these dreary 
pages is a picture distorted beyond recognition by 
misinterpretation and misrepresentation. 
The author’s original endeavour was to vindicate 
the traditional conception of deterministic causality 
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in atomic physics. Having notoriously failed in this, 
he now tries to argue that one ought to consider more 
general types of causality, partaking of both determ- 
inism and chance: the element of chance appearing 
at any ‘level’ of description would have to be under- 
pinned by the determinism of some hidden processes 
going on at a ‘deeper’ level. This novel conception, 
however, is not ‘synthetic’, as he thinks, but just 
confused ; at any rate, it does not correspond to the 
actual situation with which we are confronted in 
atomic physics. In fact, the infinite sequence of 
deeper and deeper levels of reality, which Prof. Bohm 
imagines, appears to serve no other purpose than to 
provide him with a perpetual line of escape from 
embarrassing difficulties. 

The true character of the causal relations of atomic 
physics was fully elucidated by Bohr and Heisenberg 
thirty years ago, and all that we have learned since 
about atoms and nuclei and other fundamental 
agencies of Nature has only strengthened the con- 
clusions then reached and extended their scope. In 
particular, one of the most firmly established facts 
about the newly discovered mesons and hyperons is 
that the laws of their behaviour and interactions, 
whatever surprises they may hold in store for us in 
other respects, follow the general pattern of quantum 
theory, with its essentially statistical character. 
Thus, the great discovery of the non-conservation of 
parity in weak interactions refers to a typically non- 
classical feature, which can only be defined in statisti- 
cal terms. 

Altogether, it is impossible to discern in this new 
domain of experience the slightest foundation for 
the surmise that a return to some deterministic mode 
of description could throw light upon the phenomena. 
If some physicists nevertheless entertain such expec- 
tations, it is because, in contradiction with the 
exigencies of sound scientific method, they give to 
some metaphysical prejudice, like determinism, 
greater weight than to the immediate lessons of 
experience. That such irrational dogmatists should 
hurl the very accusation of irrationality and dogme- 
tism at the defenders of the common sense, u™.com- 
mitted attitude of other scientists is the crowning 
paradox which gives a touch of comedy to a con- 
troversy so distressingly pointless and untimely. 

L. ROSENFELD 


GEOLOGICAL INTERPRETATION 
OF MARINE SEDIMENTS 


Géologie Sédimentaire 

Les Séries Marines. Par Prof. Augustin Lombard. 
Pp. 725+13 planches. (Paris: Masson et Cie. ; 
Liége: H. Vaillant-Carmanne, S.A., 1956.) 11,000 
French francs. 


Pe: A. LOMBARD of Brussels, previously a 
lecturer at Geneva, starts with a somewhat 
muddied warning against unreserved acceptance of 
the doctrine of uniformitarianism—a dreadful word 
replaced in French by actualism—which, for our 
purpose, may be interpreted as present-day-ism. 
Lombard quotes, with approval, a recent remark by 
Debyser that the present is only the key to the past, 
’ ot its replica; but this of course is exactly what 
Hutton, Playfair and Lyell tried to teach us from the 
beginning. 

Lombard’s criticism of actualism is clearly based on 
confusion, since, by way of illustration, he blames the 
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principle for six “hypothetical and mistaken inter- 
pretations”, in regard to all of which it is perfectly 
innocent. For example, he complains that ripple- 
marks have long been thought to be restricted to 
shallow-water formations, whereas they have recently 
been photographed on the sea bottom at a depth of 
2,000 m. The obvious answer is that the mistake was 
made through ignorance, not knowledge, of the 
present. 

Lombard’s main quarrel with the idea of inter- 
preting the past in the light of the present is due to 
his fear that an observer of the present may be dis- 
tracted by some short-term process ; and so he may 
fail to realize an accompanying long-term process, 
which, though it produces no appreciable result within 
his experience, may be of great importance in the 
course of geological time. The typical example of 
this, in his opinion, is afforded by some geologists 
having attributed the graded bedding of many deep- 
sea sandstones to turbidity currents. He himself 
thinks that in most cases it is due to sea-bottom 
creep, analogous to solifluxion (soil-flow) commonly 
found on land. A graded bed, it may be explained, is 
one in which a relatively coarse base grades upwards 
into a relatively fine top. The connexion between 
turbidity currents and graded bedding seems to have 
been first advanced by myself in 1938 ; but its experi- 
mental confirmation and much more besides we owe 
to Kuenen. It is very doubtful whether many 
geologists will follow Lombard in the modification 
he has proposed. 

While not agreeing with Lombard on quite a 
number of points I have found his book, especially 
Part I, pp. 11-208, full of stimulating discussion of 
such phenomena as island arcs, the mid-Atlantic 
ridge, continental shelves and slopes, atolls, submarine 
canyons, guyots (submerged truncated peaks), rhyth- 
mic sequences, etc. He gives brief, readable sum- 
maries of the views of many fellow-workers; and 
these are supported by a bibliography with 1,200 
entries (50 per cent in French, 30 English, 20 German), 
along with a good index and contents. The whole 
should help future research quite considerably. 

Like others in the same inquiry, Lombard finds it 
very useful to draw graphic sections of successions 
which he is investigating, whether in the field or in 
boreholes. Of late, such sections, where based on 
boring, have often been supplemented by curves 
recording electric resistance, radioactivity, etc. 
These latter-day curves supply additional information 
that cannot be derived from the graphic sections, 
although comparison, once all have been drawn, 
allows of valuable correlation. Now Lombard 
suggests supplementing each graphic section by a 
curve directly based upon it, using a succession of 
co-ordinates corresponding with sandstone, shale, 
limestone (and as many intermediate terms as may 
seem desirable). I confess I have found these curves 
less informative than the graphic sections from which 
they have been derived. It is, however, quite possible 
that students will enjoy publishing them, just as 
for many years they have enjoyed publishing ‘norms’ 
corresponding with analyses of igneous rocks. 

I have mentioned the sequence, sandstone, shale, 
limestone, as & standard with which Lombard com- 
pares actual sequences. I have also indicated that 
he is prepared to admit intermediates, such as shaly 
sandstone, sandy shale, etc., in his scale. A problem 
is presented when the local sequence includes an 
item, say, coal, which cannot lithologically be placed 
in the standard succession. This particular difficulty 
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is faced by Lombard in a section on “Séquences 
rhythmiques détritiques-colloidales-calcaires & char- 
bon’’, pp. 473-498, in which he takes most of his data 
from Moore’s account of the Carboniferous in Texas 
and Robertson’s of the same formation in Britain. In 
its simplest form the vertical sequence of rock types 
runs from older to younger as follows: sandstone, 
shale (more or less converted to root-bed), coal, shale, 
limestone, shale; sandstone again, with a similar 
repeat of the other terms. Lombard has not realized 
that the coal is an aerial formation, which places it 
outside his standard scale, intended for marine 
formations only. Accordingly, he inserts it between 
non-caleareous and calcareous shale, remarking 
that it has originated from fine plant debris. 

Before leaving this subject I may add that I do 
not agree with Robertson’s idea that the rhythm 
depends upon the intermittent rupture of a bar that 
normally excluded the sea from a low-level, subsiding, 
afforested marsh. It would require a pump. Peach’s 
1885 explanation involving recurrent speeding up of 
subsidence is much more acceptable. 

E. B. Bary 


OUTLINE OF STEROID CHEMISTRY 


The Chemistry of Steroids 

By Dr. W. Klyne. (Methuen’s Monographs on Bio- 
chemical Subjects.) Pp. 216. (London: Methuen 
and Co., Ltd.; New York: John Wiley and Sons, 
Inec., 1957.) 188. net. 


N the quarter of a century which has elapsed since 
the elucidation of the final features of the struc- 
tures of the sterols and bile acids and the almost 
coincident recognition that an identical ring system 
occurred in the first of the sex hormones to be 
isolated, the chemistry of the steroids has undergone 
extensive development. Numerous new members of 
the group, many with the properties of hormones, 
have been isolated from animal sources, while a few 
types of important plant products, such as the 
cardiac glycosides, have been shown to contain the 
same characteristic ring system. Steroid chemistry 
has thus become a wide and specialized field. 

Treatises on the subject, or on parts of it, are of 
course ‘available, but these are mainly for the 
specialist. A brief survey of the whole field, suchas 
is contained in the above volume, is therefore to {be 
welcomed. That this work, dealing as it does with 
the purely chemical side of the subject, should appear 
in a well-known series of monographs on biochemical 
subjects might, at first sight, seem strange. But this 
anomaly finds its explanation in the author’s state- 
ment that a companion volume, by another writer 
dealing with the biochemistry, is in course of prep- 
aration. 

One aim of the book, namely, the provision of “an 
outline of the chemistry of the steroids for the non- 
chemical reader”, has, in my view, not been achieved, 
and I doubt if such an end could be attained. Con- 
sequently, the few very elementary passages found 
interspersed in the text might well have been 
omitted. The subject-matter is not arranged for easy 
reading nor, as the author recognizes, is the treat- 
ment comprehensive. In my view, the work must 
be regarded as a masterly summarization and 
tabulation of the principal facts relating to the 
chemistry of the steroids. Thus, to take a random 
example from one of the less common steroids, if one 








660 





wished to gain some information about stigmasterol 
one would find in Table 6A its systematic name, 
molecular formula and two physical constants. From 
the systematic name, and with the aid of the formula 
for cholesterol on p. 111, of the system of numbering 
for the nucleus given in the introduction and of the 
structure of the side chain reproduced on p. 112, one 
could write the complete structural formula for 
stigmasterol. Table 6A also gives the soya bean as 
its source, from which one could deduce that stigma- 
sterol is probably a phytosterol. As a work of this 
nature, the book will be found to be a handy volume 
for the expert or semi-expert to have at his elbow 
when he wishes to refresh his memory about the 
accepted structure, configuration or conformation of 
a particular steroid. 

The text is remarkably free from misprints, 
although the misspelling of the word stereochemistry 
in one place on the first page of the preface produces 
initially a bad impression. E: STEDMAN 


RECENT RADIOBIOLOGY 


Advances in Radiobiology 

Proceedings of the Fifth International Conference 
on Radiobiology held in Stockholm on 15th—-19th 
August, 1956. Edited by George Carl de Hevesy, 
Arne Gunnar Forssberg, and John D. Abbatt. Pp. 
xvi+503. (Edinburgh and London: Oliver and 
Boyd, Ltd., 1957.) 77s. 6d. net. 


ADIOBIOLOGY is now a subject in its own right 

and the principle of holding an annual inter- 
national conference is well established. The present 
volume contains the sixty-nine papers contributed to 
the 1956 conference in Stockholm, together with the 
resulting discussions. As is inevitable in an annual 
conference, many of the papers are rather scrappy 
accounts of incompleted work. Nevertheless, every 
radiobiologist will find at least some topics discussed 
which impinge directly or indirectly on his own 
interests. But whether the book will appeal to a 
wider audience is more doubtful. Not all branches of 
radiobiology are represented and the main themes 
in this conference were radiation chemistry, bio- 
chemical effects on enzymes and cell components, 
irradiation of single cells and parts of cells, effects 
on the hemopoietic system, protection by chemical 
and cellular agents, and genetics. 

Perhaps the most important new discovery is that 
if a suspension of spleen or bone-marrow cells is 
injected intravenously into a heavily irradiated 
mouse, some of the injected cells colonize and 
eventually entirely repopulate the radiation-depleted 
hzsmopoietic tissues of the mouse, giving rise to what 
has come to be called a ‘radiation chimera’. It 
had been known for some time that animals could be 
‘protected’ from otherwise fatal doses of radiation 
by the post-irradiation injection of spleen or bone 
marrow and it was generally guessed that this was 
due to some chemical or humoral factor in the 
injected material. It has now been shown, however, 
by four different groups of workers, that the effective 
agent in the injected material is cellular rather than 
humoral, and that the injected living cells reach and 
eventually recolonize the bone marrow, spleen, lymph 
nodes ard ithymus of the irradiated animal. It has 
been found that even rat cells will repopulate the 
organs of the mouse, at any rate for a time. The 
most elegant and convincing of these demonstrations 
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is that of Ford, Hamerton, Barnes and Loutit, which 
is fully reported in this volume. They were able to 
identify the transfused foreign donor cells by virtue 
of their chromosomal characters and to determine 
the proportion of these cells in the various hemo. 
poietic organs of the irradiated recipient. Important 
as this new discovery is for radiobiology, it also has 
some far-reaching implications and applications in 
the general field of biology. The whole subject of 
radioprotection by both chemical and cellular agents 
is admirably dealt with by Cohen, Vos and van 
Bekkum in a paper which deserves special mention. 

Another new line of thought which emerges, 
particularly in the discussions, is the suggestion of 
Bacq and Alexander that the primary biochemical 
lesion produced by radiation may be a breaking of 
the hydrogen bonds which hold the individual 
enzymes together and in place in the cell. The 
enzymes are thus released from their normal sites in 
mitochondria or microsomes and escape into the 
general cytoplasm, where they proceed to attack 
various structures including the nucleus. More 
specifically, it has been shown that after irradiation 
deoxyribonuclease is liberated from the mitochondria 
and microsomes into the cytoplasm, and this could 
perhaps account for the nuclear changes which are the 
first visible signs of radiation damage. 

Most of the biological effects of irradiation are 
assumed to result from an indirect action of radiation, 
in the sense that the primary ionizing action of the 
radiation is on the water, not on the cell proteins, etc. 
The free radicals produced by the ionization of water 
may then react with oxygen to produce even more 
toxic substances such as hydrogen peroxide. The 
chief evidence in support of this view has been the 
fact that the great majority of radiobiological effects 
are bothoxygen- and temperature-dependent. Alexan- 
der has now shown, however, that when various 
polymers and also certain proteins are irradiated in 
the dry state the radiochemical changes produced are 
also oxygen- and temperature-dependent. As a result 
of this and other work more attention is now being 
paid to possible direct effects of radiation on 
the macromolecules of protein or deoxyribonucleic 
acid. 

Little progress has been made in the search for 
radioprotective chemical substances. The sulphur 
compounds—cysteine, cysteamine, cystamine and 
certain thiuronium compounds—have not yet been 
bettered, but the mechanism by which they act is 
still hotly debated. The simple explanation that they 
all act by lowering the intracellular oxygen concen- 
tration seems no longer tenable. There is evidently 
still much to be learnt in this field and the outlook is 
not so discouraging as at one time appeared. 

Irradiation of localized areas in single cells by @ 
microbeam of «-particles has not so far given the 
clear-cut answers which were hoped for. 

In the more medical field, Curtis and Healey find 
that animals receiving a dose of radiation as young 
adults undergo premature ageing quite apart from 
the increased incidence of tumours. Furthermore, in 
old age these animals are much less able to withstand 
@ ‘toxic stress’ as, for example, the administration of 
typhoid vaccine or nitrogen mustard. Faber presents 
figures from the Danish health service which show 
an association between the incidence of chronic 
myeloid leukemia and previous diagnostic radio- 
graphy. 

This volume is somewhat smaller than its predecessor 
but costs 23 per cent more. O. A. TROWELL 
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Handbook of Chemistry and Physics 
A Ready-Reference Book of Chemical and Physical 
Data. Edited by Prof. Charles D. Hodgman, in 
association with Prof. Robert C. Weast and Dr. 
Samuel M. Selby. Thirty-ninth edition, Pp. xxii+ 
3213. (Cleveland, Ohio: Chemical Rubber Publish- 
ing*;Company, 1957.) n.p. 

IKE the world’s population, the size of reference 

books increases alarmingly from year to year. 

The “Handbook of Chemistry and Physics” is no 
exception. There are nearly two hundred contri- 
butors (living, emeritus and deceased) to the thirty- 
ninth edition, which runs to more than three thousand, 
two hundred pages, though some of these are reserved 
for future expansion. The book is, however, kept 
down to a manageable size by the use of India paper. 
Unfortunately, a solution along these lines is not 
possible where human populations are concerned. 

The “Handbook” has appeared almost every year 
since 1914; this is in itself some indication of its 
success and usefulness. In each edition new informa- 
tion is added until now the amount it contains is 
really stupendous. Opening the index at random one 
finds such esoteric topics as Babo’s law ; concentra- 
tion, freezing points and densities of calcium chloride 
brines ; haversines, table; label protection; stain, 
acid proof, for wood; ultra-violet sensitization of 
photographic plates. There is something for everyone. 

New tables in this edition include nuclear spin and 
moments; relative sensitivities (which relate the 
nuclear magnetic resonance of certain nuclides to that 
of the proton) ; superconductivities of metals, alloys 
and compounds ; energy, mass and velocity relations 
to the electron ; magnetic properties of transformer 
steels and high permeability materials; dielectric 
constants of pure liquids; dielectric constants and 
dipole moments of substances in the gaseous state. 
The information on isotopes has also been extended 
and revised and now goes up to element 101. There 
are four new tables on the sugars. 

There is no doubt that having the “Handbook”’ to 
hand will save many a wearisome hunt in the library. 
It may also save something else: if you are quick 
enough after sucking a bit too hard while filling your 
pipette with 10N cyanide, just turn to p. xix and find 
out what to do. 


The Study of Plant Communities 

An Introduction to Plant Ecology. By Prof. Henry 
J. Oosting. Second edition. Pp. viii+440. (San 
Francisco, Calif.: W. H. Freeman and Company ; 
London: Bailey Bros. and Swinfen, Ltd., 1956.) 
6 dollars; 51s. 

N this second edition of Prof. Oosting’s book the 

general plan remains unaltered, but the text has 
been brought up to date and many sections are 
entirely rewritten. Intended as an introduction to 
plant ecology for university students, the aim is 
admirably achieved, and the book contains much 
that is available otherwise only in more advanced 
texts. In this it well merits a place in the school 
library where botany is taught to scholarship-level. 
The discussion loses little for the British reader from 
being based on American plant communities, for the 
scope is wide, and good illustrations make up for the 
unfamiliarity of the plants referred to. 

The opening section deals with the nature of plant 
communities and the techniques for sampling and 
describing them. A chapter on the objectives and 
methods of the European phytosociological school is 
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welcome, for, with the divergence of aim in the trend 
that British ecology has followed, we have tended to 
lose contact with those aspects of Continental work 
which can be of help to us. The ensuing five chapters 
deal generally with environmental factors controlling 
the community, and the standard techniques for 
their measurement. In the section on community 
dynamics the chapter on plant succession has been 
rewritten to give a clear summary of the monoclimax 
and polyclimax interpretations of vegetation. Climax 
regions of North America are then described, and the 
final chapter deals with the applications of ecology 
to practical problems of forestry, pasture manage- 
ment, erosion control and land utilization. 

A list of books for wider reading is given with each 
chapter, and there is a good bibliography of original 
references, including a fair sprinkling of European 
papers. Maurice ASHBY 


Automatic Control 
(A Scientific American Book.) Pp. x +148. (London : 
G. Bell and Sons, Ltd., 1957.) 10s. 6d. net. 


‘HIS book was first published in the United 

States in 1955 and the format immediately 
strikes one as American, particularly the rather crude 
illustrations. On looking a little closer, one finds that 
it is a series of popular articles covering all the 
essential aspects of automatic control, by authors of 
international repute. This led to the expectation of 
nothing more than a hotch-potch of disconnected 
‘potboilers’. However, on reading it, this proved to 
be quite unjust to both publishers and authors, for 
as might be expected of such authors as Gordon 
Brown, Arnold Tustin, Grey Walter and Warren 
Weaver, the chapters are all written with great care 
to give the general reader a clear and accurate 
picture of some of the most recent developments. 

Although there is no apparent connexion between 
the chapters, together they cover all the important 
aspects of this wide and difficult field. The theory of 
control; mechanical, hydraulic and other control 
systems; chemical plant, machine tools and the 
automatic office; information theory and _ the 
physiological comparisons between man and machines 
are all covered. Even the economic impact of auto- 
mation has been included in a short but informative 
article by Wassily Leontief. 

As a book, it has the great merit of being short. 
Covering such a wide field in less than 150 pages, it 
cannot go very deep; but it goes deep enough for 
the average reader, whether scientific or non- 
technical. The illustrations, which are ugly to look 
at because crudely drawn, have the great merit of 
clarity. It is a pity that such excellent letterpress 
has not been set in a more pleasing type. 

J. F. Coatzs 


Selected Papers in Statistics and Probability 

By Abraham Wald. Second printing. Pp. ix+702. 
(Stanford, Calif.: Stanford University Press; Lon- 
don: Oxford University Press, 1957.) 80s. net. 


‘HIS volume contains 51 papers on probability 

and statistics by Abraham Wald, who met an 
untimely and much lamented death in an air-crash 
in 1950. The first printing, edited for the Institute of 
Mathematical Statistics by a number of distinguished 
statisticians, was published by McGraw-Hill in 1955. 
It was rapidly exhausted and this second printing, 
issued by the Stanford University Press, will be very 
welcome. 
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A THREE-DIMENSIONAL MODEL OF THE MYOGLOBIN MOLECULE 
OBTAINED BY X-RAY ANALYSIS 


By Drs. J. C. KENDREW, G. BODO, H. M. DINTZIS, R. G. PARRISH and H. WYCKOFF 
Medical Research Council Unit for Molecular Biology, Cavendish Laboratory, Cambridge 
AND 
D. C. PHILLIPS 
Davy Faraday Laboratory, The Royal Institution, London 


YOGLOBIN is a typical globular protein, and 
is found in many animal cells. Like hemo- 
globin, it combines reversibly with. molecular oxygen ; 
but whereas the role of haemoglobin is to transport 
oxygen in the blood stream, that of myoglobin is to 
store it temporarily within the cells (a function par- 
ticularly important in diving animals such as whales, 
seals and penguins, the dark red tissues of which 
contain large amounts of myoglobin, and which have 
been our principal sources of the protein). Both 
molecules include a non-protein moiety, consisting of 
an iron—porphyrin complex known as the hem group, 
and it is thisfgroup which actually combines with 
oxygen; hzemoglobin, with a molecular weight of 
67,000, contains four hem groups, whereas myoglobin 
has only one. This, together with about 152 amino- 
acid residues, makes up a molecular weight of 17,000, 
so that myoglobin is one of the smaller proteins. Its 
small size was one of the main reasons for our choice 
of myoglobin as a subject for X-ray analysis. 

In describing a protein it is now common to dis- 
tinguish the primary, secondary and tertiary struc- 
tures. The primary structure is simply the order, or 
sequence, of the amino-acid residues along the 
polypeptide chains. This was first determined by 
Sanger using chemical techniques for the protein 
insulin}, and has since been elucidated for a number 
of peptides and, in part, for one or two other small 
proteins. The secondary structure is the type of 
folding, coiling or puckering adopted by the poly- 
peptide chain: the «-helix and the pleated sheet are 
examples. Secondary structure has been assigned in 
broad outline to a number of fibrous proteins such as 
silk, keratin and collagen; but we are ignorant of 
the nature of the secondary structure of any globular 
protein. True, there is suggestive evidence, though 
as yet no proof, that «a-helices occur in globular 
proteins, to an extent which is difficult to gauge 
quantitatively in any particular case. The tertiary 
structure is the way in which the folded or coiled 
polypeptide chains are disposed to form the protein 
molecule as a three-dimensional object, in space. 
The chemical and physical properties of a protein 
cannot be fully interpreted until all three levels of 
structure are understood, for these properties depend 
on the spatial relationships between the amino-acids, 
and these in turn depend on the tertiary and 
secondary structures as much as on the primary. 

Only X-ray diffraction methods seem capable, even 
in principle, of unravelling the tertiary and secondary 
structures. But the great efforts which have been 
devoted to the study of proteins by X-rays, while 
achieving successes in clarifying the secondary 
(though not yet the tertiary) structures of fibrous 
proteins, have hitherto paid small dividends among 





the metabolically more important globular, or crys- 
talline, proteins. Progress here has been slow 
because globular proteins are much more complicated 
then the organic molecules which are the normal 
objects of X-ray analysis (not counting hydrogens, 
myoglobin contains 1,200 atoms, whereas the most 
complicated molecule the structure of which has 
been completely determined by X-rays, vitamin B,,, 
contains 93). Until five years ago, no one knew how, 
in practice, the complete structure of a crystalline 
protein might be found by X-rays, and it was realized 
that the methods then in vogue among protein 
crystallographers could at best give the most sketchy 
indications about the structure of the molecule. This 
situation was transformed by the discovery, made 
by Perutz and his colleagues*, that heavy atoms 
could be attached to protein molecules in specific 
sites and that the resulting complexes gave diffraction 
patterns sufficiently different from normal to enable 
a classical method of structure analysis, the so-called 
‘method of isomorphous replacement’, to be used to 
determine the relative phases of the reflexions. This 
method can most easily be applied in two dimensions, 
giving a projection of the contents of the unit cell 
along one of its axes. Perutz attached a p-chloro- 
mercuri-benzoate molecule to each of two free 
sulphydryl groups in hemoglobin and used the 
resulting changes in certain of the reflexions to 
prepare a projection along the y-axis of the unit 
cell’. Disappointingly, the projection was largely 
uninterpretable. This was because the thickness of 
the molecule along the axis of projection was 63'A. 
(corresponding to some 40 atomic diameters), so that 
the various features of the molecule were superposed 
in inextricable confusion, and even at the increased 
resolution of 2-7A. it has proved impossible to 
disentangle them‘. It was clear that further progress 
could only be made if the analysis were extended to 
three dimensions. As we shall see, this involves the 
collection of many more observations and the pro- 
duction of three or four different isomorphous 
replacements of the same unit cell, a requirement 
which presents great technical difficulties in most 
proteins. 

The present article describes the application, at 
low resolution, of the isomorphous replacement 
method in three dimensions to type A crystals of 
sperm whale myoglobin’. The result is a three- 
dimensional Fourier, or electron-density, map of the 
unit cell, which for the first time reveals the general 
nature of the tertiary structure of a protein molecule. 


Isomorphous Replacement in Myoglobin 


No type of myoglobin has yet been found to con- 
tain free sulphydryl groups, so that the method of 
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attaching heavy atoms used by Perutz for hemo- 
globin could not be employed. Eventually, we were 
able to attach several heavy atoms to the myoglobin 
molecule at different specific sites by crystallizing it 
with a variety of heavy ions chosen because they 
might be expected, on general chemical grounds, to 
possess affinity for protein side-chains. X-ray, rather 
than chemical, methods were used to determine 
whether combination had taken place, and, if so, 
whether the ligand was situated predominantly at a 
single site on the surface of the molecule. Among 
others, the following ligands were found to combine 
in a way suitable for the present purpose: (i) potas- 
sium mercuri-iodide and auri-iodide; (ii) silver 
nitrate, potassium auri-chloride; (iii) p-chloro- 
mercuri-benzene sulphonate ; (iv) mercury diammine 
(Hg(NH;)*+, prepared by dissolving mercuric oxide 
in hot strong ammonium sulphate), p-chloro-aniline ; 
(v) p-iodo-phenylhydroxylamine. Each group of 
ligands combined specifically at a particular site, five 
distinct sites being found in all. The substituted 
phenylhydroxylamine is a specific reagent for the 
iron atom of the hem group*, and may be assumed 
to combine with that group; in none of the other 
ligands have we any certain knowledge of the 
mechanism of attachment or of the chemical nature 
of the site involved. 
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Methods of X-ray Analysis 


Type A crystals of myoglobin are monoclinic 
(space group P2,) and contain two protein molecules 
per unit cell. Only the h0/ reflexions are ‘real’, that 
is, can be regarded as having relative phase angles 
limited to 0 or x, or positive or negative signs, rather 
than general phases ; when introduced into a Fourier 
synthesis, these reflexions give a projection of the 
contents of the cell along its y-axis. In two dimensions 
the analysis followed lines’ similar to that of hzemo- 
globin. First, the heavy atom was located by carrying 
out a so-called difference-Patterson synthesis ; if all 
the heavy atoms are located at the same site on 
every molecule in the crystal, this synthesis will 
contain only one peak, from the position of which 
the x- and z-co-ordinates of the heavy atom can be 
deduced, and the signs of the h0l reflexions determ- 
ined. These signs were cross-checked by repeating 
the analysis for each separate isomorphous replace- 
ment in turn; we are sure of almost all of them to a 
resolution of 4 A., and of most to 1-9A. Using the 
signs, together with the measured amplitudes, we 
may, finally, compute an electron-density projection 
of the contents of the unit cell along y; but, as in 
hemoglobin and for the same reasons, the projection 
is in most respects uninterpretable (even though here 
the axis of projection is only 31A.). On the other 
hand, knowledge of the signs of the AOI reflexions 
to high resolution enabled us to determine the 
x- and z-co-ordinates of all the heavy atoms 
with some precision. This was the starting point 
for the three-dimensional analysis now to be 
described. 

In three dimensions the procedure is much more 
lengthy because all the general reflexions hkl must be 
included in the synthesis, and more complicated 
because these reflexions may have any relative phase 
angles, not only 0 or x. Furthermore, we need to 


know all three co-ordinates of the heavy atoms ; the 
two-dimensional analysis gives x and z, but to find y 
is more difficult, and details of the methods used will 
be published elsewhere, including among others two 
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proposed by Perutz* and one proposed by Bragg’. 
Finally, a formal ambiguity enters into the deduction 
of general phase angles if only one isomorphous 
replacement is available; this can be resolved by 
using several replacements*®, such as are available 
in the present case. Once the phases of the general 
reflexions have been determined, one can carry out 
a three-dimensional Fourier synthesis which will be 
@ representation of the electron density at every 
point in the unit cell. 

Before such a programme is embarked upon, how- 
ever, the resolution to be aimed at must be decided. 
The number of reflexions needed, and hence the ~ 
amount of labour, is proportional to the cube of the 
resolution. To resolve individual atoms it would be 
necessary to include at least all terms of the series 
with spacings greater than 1-5 A.—some 20,000 in 
all; and it is to be remembered that the intensities 
of all the reflexions would have to be measured for 
each isomorphous derivative. Besides this, intro- 
duction of a heavy group may cause slight distortion 
of the crystal lattice ; as the resolution is increased, 
this distortion has an increasingly serious effect on 
the accuracy of phase determination. In the present 
stage of the analysis the most urgent objective was 
an electron-density map detailed enough to show the 
general layout of the molecule—in other words, its 
tertiary structure. If the «-helix, or something like 
it, forms the basis of the structure, we need only 
work to a resolution sufficient to show up a helical 
chain as a rod of high electron density. For this 
purpose we require only reflexions with spacings 
greater than about 6 A. ; in all there are some 400 of 
these, of which about 100 are h0l’s already investi- 
gated in the two-dimensional study. The Fourier 
synthesis described here is computed from these 400 
reflexions only, and is in consequence blurred ; 
besides this, it is distorted by an unknown amount 
of experimental error, believed to be small but at 
the moment difficult to estimate. Thus while the 
general features of the synthesis are undoubtedly 
correct, there may be some spurious detail which will 
require correction at @ later stage. 


The Three-dimensional Fourier Synthesis 


The synthesis was computed in 70 min. on the 
EDSAC Mark I electronic computer at Cambridge (as 
a check, parts of the computation were repeated on 
DEUCE at the National Physical Laboratory). It is 
in the form of sixteen sections perpendicular to y and 
spaced nearly 2 A. apart ; these must be piled on top 
of one another to represent the electron density 
throughout the cell, containing two myoglobin mole- 
cules together with associated mother liquor (which 
amounts to nearly half the whole). Unfortunately, 
the synthesis cannot be so represented within the 
two-dimensional pages of a journal; furthermore, if 
the sections are displayed side by side, they give no 
useful idea of the structure they represent. The 
examples reproduced in Fig. 1 illustrate some of the 
more striking features. 

A first glance at the synthesis shows that it con- 
tains a number of prominent rods of high electron 
density ; these usually run fairly straight for dis- 
tances of 20, 30 or 40A., though there are some 
curved ones as well. Their cross-section is generally 
nearly circular, their diameter about 5 A., and they 
tend to lie at distances from their neighbours of 
8-10 A. (axis to axis). In some instances two segments 
of rod are joined by fairly sharp corners. Fig. la 
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value greater than at any other 
point in the cell. A section through 
this disk is shown at H in Fig. 1a. 
We identify this feature as the 
hem group itself, for the following 
reasons : (i) the hem group is a flat 
disk of about the same size ; (ii) its 
centre is occupied by an iron atom 
and therefore has a higher electron 
density than any other point in the 
whole molecule; (iii) a difference- 
Fourier projection of the p-iodo- 





phenylhydroxylamine derivative 
shows that, at least in y-projection, 
the position of the iodine atom is 
near that of our group; this is 
what we should expect, since this 
reagent specifically combines with 
the hem group; (iv) the orienta- 
tion of the disk corresponds, as 
closely as. the limited resolution of 
the map allows one to determine it, 
with the orientation of the hem 








(d) 
Fig. 1. 
a = 0, showing polypeptide chain A (on the right) 


shows several rods—three of them (A, B and C) 
cross the plane of the section almost at right angles, 
while one (D) lies nearly in that plane. D is part of 
a nearly straight segment of chain about 40 A. long, 
of which some 20A. is visible in this section. It 
seems virtually certain that these rods of high density 
are the polypeptide chains themselves—indeed, it is 
hard to think of any other features of the structure 
which they could possibly be. Their circular cross- 
section is what would be expected if the configuration 
were helical, and the electron density along their 
axes is of the right order for a helical arrangement 
such as the a-helix. The various rods in the structure 
are intertv7ined in a very complex manner, the nature 
of which we'shall describe later. 

Another prominent feature is a single disk-shaped 
region of high electron density which reaches a peak 





(a) Section of three-dimensional Fourier synthesis of type A myoglobin at 
y = — 1/80, A-D, polypeptide chains; H, hem group. (6) Section parallel to [201] at 


group deduced from measurements 
of electron spin resonance'.}, 

We cannot understand the struc- 
ture of the molecules in the crystal 
unless we can decide where one 
ends and its neighbours begin. In 
@ protein crystal the interstices are 
occupied by mother liquor, in this 
case strong ammonium sulphate, 
the electron density of which is 
nearly equal to the average for the 
whole cell. Hence it is to be 
expected that in the intermolecular 
regions the electron density will be 
near average (the density of coiled 
polypeptide chains is much above 
average, and that of side-chains well 
below). It should also be fairly 
uniform ; these regions should not 
be crossed by major features such 
as polypeptide chains. Using these 
criteria, it is possible to outline the 
whole molecule with minor uncer- 
tainties. It was gratifying to find 
that the result agreed very well, in 
projection, with a salt-water differ- 
ence-Fourier projection made as 
part of the two-dimensional pro- 
gramme (for the principles involved, 
see ref. 12). Moreover, the dimen- 
sions of the molecule agreed closely 
with those deduced from packing considerations in 
various types of unit cell. 
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The Myoglobin Molecule 


We are now in a position to study the tertiary 
structure of a single myoglobin molecule separated 
from its neighbours. Fig. 2 illustrates various views 
of a three-dimensional model constructed to show the 
regions of high electron density in the isolated 
molecule. Several points must be noticed. First, 


the model shows only the general distribution of 
dense regions. The core of & helical polypeptide chain 
would be such a region ; but if the chain were pulled 
out, into a §-configuration, for example, its mean 
density would drop to near the average for the cell 
and the chain would fade out at this resolution. 
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Similarly, side-chains should, in 
general, scarcely show up, so that 
the polypeptide rods in the model 
must be imagined as clothed in an 
invisible integument of side-chains, 
so thick that neighbouring chains 
in reality touch. Third, features 
other than polypeptide chains may 
be responsible for some of the 
regions of high density ; patches of 
adsorbed salt, forexample. Fourth, 
the surface chosen to demarcate a 
molecule cannot be traced every- 
where with certainty, so it is 
possible that the molecule shown 
contains parts of its neighbours, 
and correspondingly lacks part of 
its own substance. 

Making due allowance for these 
difficulties, we may note the main 
features. It is known! that myo- 
globin has only one terminal amino- 
group: it is simplest to suppose 
that it consists of a single poly- 
peptide chain. This chain is folded 
to form a flat disk of dimensions 
about 43 A. x 35 A. x 23 A. 
Within the disk chains pursue a 
complicated course, turning through 
large angles and generally behaving 
so irregularly that it is difficult to 
describe the arrangement in simple 
terms; but we note the strong 
tendency for neighbouring chains 
to lie 8-10 A. apart in spite of 
the irregularity. One might loosely 
say that the molecule consists of 
two layers of chains, the predom- 
inant directions of which are nearly at right angles 
in the two layers. If we attempt to trace a single 
continuous chain throughout the model, we soon 
run into difficulties and ambiguities, because we 
must follow it around corners, and it is precisely 
at corners that the chain must lose the tightly 
packed configuration which alone makes it visible 
at this resolution (an «-helix, for example, cannot 
turn corners without its helical configuration 
being disrupted). Also, there are several apparent 
bridges between neighbouring chains, perhaps due 
to the apposition of bulky side-chains. The model 
is certainly compatible with a single continuous 
chain, but there are at least two alternative ways 
of tracing it through the molecule, and it will 
not be possible to ascertain which (if either) is 
correct until the resolution has been improved. 
Of the secondary structure we can see virtually 
nothing directly at this stage. Owing to the corners, 
the chain cannot be in helical configuretion through- 
out; in fact, the total length of chain in the 
model is 300 A., whereas an a-helix of 152 residues 
would be only 228 A. long. The 300 A. might 
correspond, for example, to 70 per cent «-helix 
and 30 per cent fully extended chain, but of course 
intermediate configurations are probably present, 
too. The hem group is held in the structure by links 
to at least four neighbouring chains; nevertheless, 
one side of it is readily accessible from the environ- 
ment to oxygen and to larger reagents such 
as p-iodo-phenylhydroxylamine (in the difference- 
Fourier projection of this complex, referred to above, 
the"position of the iodine atom indicates that the 
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Fig. 2. Photographs of a model of the myoglobin molecule. Polypeptide chains are white ; 
the grey disk is the hem group. The three spheres show positions at which heavy atoms 





g of p-chloro-mercuri-b ip ; 
y : Au of auri-chloride). The marks on 
the scale are 1 A, apart 


ligand is attached to the outside of the group). 
Clearly, however, the model cannot at present be 
correlated in ‘detail with what we know of the 
chemistry of myoglobin; this must await further 
refinement. 

Perhaps the most remarkable features of the 
molecule are its complexity and its lack of symmetry. 
The arrangement seems to be almost totally lacking 
in the kind of regularities which one instinctively 
anticipates, and it is more complicated than has been 
predicated by any theory of protein structure. Though 
the detailed principles of construction do not yet 
emerge, we may hope that they will do so at a later 
stage of the analysis. We are at present engaged in 
extending the resolution to 3 A., which should show 
us something of the secondary structure; we 
anticipate that still further extensions will later be 
possible—eventually, perhaps, to the point of 
revealing even the primary structure. 

Full details of this work will be published else- 
where. We wish to record our debt to Miss Mary 
Pinkerton for assistance of all kinds; to the Mathe- 
matical Laboratory, University of Cambridge, for 
computing facilities on the EDSAC; to Dr. J. 8. 
Rollett and the National Physical Laboratory for 
similar facilities on the DEUCE; to Mrs. Joan 
Blows and Miss Ann Mansfield for assistance in 
computing; for fellowships to the U.S. Public . 
Health Service (H. W.), the Merck Fellowship Board 
(R. G. P.), the U.S. National Science Foundation 
(R. G. P. and H. M. D.), and the Rockefeller Founda- 
tion (H. M.D.) ; and to Sir Lawrence Bragg for his 
interest and encouragement. Finally, we wish to 
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RECENT CLIMATIC CHANGES 


By Dr. E. B. KRAUS 
Snowy Mountains Hydro-Electric Authority, Cooma North, New South Wales, Australia 


LIMATE is nowhere invariant. The existence of 
a never-ending change is most apparent along 
the shifting boundaries of the various climatic 
provinces. During the past few hundred years the 
boundaries of the Alpine and Sub-Arctic regions have 
experienced some striking changes in glaciation and 
considerable variations in the extent and the seasonal 
duration of sea ice. It has now been established from 
the analysis of rainfall and stream-flow records that 
fluctuations of corresponding or even larger amplitude 
occurred in the sub-tropics at the boundary of the 
arid zone. During the same time the climates of the 
Antarctic ice cap, the central Sahara or the Amazon 
rain forest may not have altered a great deal. 

Changes in a time series can be illustrated to 
advantage ‘by graphs of cumulative percentual 
deviations from a mean. Graphs of this type 
accentuate changes in a time series, while running 
averages or orthodox statistical analyses tend to 
smooth them out. They demonstrate, at a glance, the 
existence of a trend and the time when it changes. 

In the following diagrams (Figs. 1-6), the ordinate : 


n 
2, (<2 
tmissi \7* — 1 


where n represents the running calendar year, 7; the 
rainfall or stream discharge for the year 1, and 7 
the mean for the years 1881-1940. It is easily seen 
that y must be zero at the beginning of 1881 and the 
end of 1940. The graph of y rises for r; > 7 and vice 
versa. It will be concave upwards during periods 
when r is increasing with time and convex when it 
is decreasing. The percentual deviation from 7 of 
the mean for any other period, say the years n to 
(n + m), is given simply by [y (n + m) — y(m)]/m. 
The accompanying six diagrams have been brought 
together to demonstrate how fluctuations of the same 
type occur at about the same time all around the 
globe. Fig. 1 illustrates the changes which occurred 
in the rainfall regime of semi-arid, north-western 
New South Wales (Australian rainfall district No. 48). 
It can be deduced from the curve that the mean 
rainfall for the years 1879-97 was 26 per cent above 
the 1881-1940 average. It was 11 per cent below 
that average during the period 1898-1946. In 
absolute terms, the mean annual rainfall from the 
beginning of jrecords to 1897 was 16-90 in; during 


y(n) = 





the following forty-nine years it was 12-02 in. During 
the past ter. years conditions were again more similar 
to those of the nineteenth century. 


Fig. 2 deals with the east coast of Queensland 
(Australian rainfall district No. 40). The rainfall 
there is more seasonal but also more than three times 
as heavy as in north-western New South Wales. 
The onset of the dry period occurred two years later. 
It was interrupted by wetter conditions after about 
1923, though a second severe drought occurred in 
the late °30’s and early 1940's. 

Conditions on the east coast of North America are 
illustrated by Fig. 3, which gives the mean, rainfall 
for Charleston and Cape Hatteras. In an earlier 
paper* it had been shown that fluctuations there 
were paralleled by the records of other stations along 
the American east coast, and that the records suggest 
the persistence of relatively wet conditions all 
through the nineteenth and the later eighteenth 
centuries. 

Fig. 4 shows the changes which occurred in the 
space-average of a large number of rainfall stations 
used by the Indian Meteorological Service to evaluate 
and forecast monsoon rainfall over the Indian penin- 
sula. The change in the rainfall regime there was 
comparatively small and the vertical scale of the 
diagram has therefore been doubled. The same 
pattern of change with somewhat larger amplitude 
occurred in the more arid districts of north-west 
India and West Pakistan. All over this region the 
dry period which began at the end of the past century 
was ameliorated or terminated by about 1910. 

Fig. 5 treats the discharge of the Nile at Aswan in 
a similar way. The difference in the mean discharge 
before and after 1898 amounts, in this case, to more 
than 30 per cent or 27 x 10° m.*/year. 

The changes which occurred in parts of South 
Africa are illustrated by Fig. 6, which represents the 
South African rainfall district No. 16A in the Central 
Cape Province. Unfortunately, data after 1946 were 
not available in Australia for the two African cases. 

Arakawa! and I have shown that changes similar 
to those demonstrated here have occurred in maritime 
parts of East Asia and in the West Indies, Hawaii 
and other tropical stations. They can also be found 
in Rhodesian rainfall records. Together, this material 
would seem to prove the existence of parallel and 
rather abrupt climatic fluctuations over a large part 
of the Earth. 

The amplitude of the change in rainfall regime was 
largest at the fringes of the arid zone. In the extreme 
case of Aden, the rainfall record shows a difference 
of 84 per cent between the means for the thirty years 
after 1894 and the preceding thirteen years of avail- 
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Figs. 1-6. Cumulative percentual deviations from the 1881-1940 annual mean. (1) N.W. 
New South Wales (Australian rainfall district No. 48); (2) Queensland Coast (Australian 

} ; (3) Carolina Coast (mean of Charleston and Cape Hatteras) ; 
(4) India (peninsula); (5) Nile discharge at Aswan; (6) Central Cape Province (South 


rainfall district No. 40) 
Africa Rainfall District No. 16.4) 


able records. The change is also well marked along 
the sub-tropical east coasts of North America and 
Australia. In the humid tropics it appears to have 
been restricted to the beginning or end of the rainy 
seasons. Similarly, in the sub-tropical transition 
regions, where rain may fall both summer and winter, 
the same pattern of change may be restricted to the 
intermediate seasons of autumn and spring. The 
curves of cumulative deviations from the mean for 
these seasons for some parts of Australia and South 
Africa are parallel to those shown for annual rainfall 
and stream-flow in the present article. In some cases 
they show extremely large amplitudes, though the 
changes in annual rainfall were comparatively 
insignificant. 

A more detailed analysis indicates that the onset 
of dry conditions at the end of the past century was 
associated with a widening of the arid zone, mainly 
at the expense of the equatorial summer-rainfall belt. 
This produced a wider separation in space and time 
of summer- and winter-rainfall regimes. As rain in 
many sub-tropical regions is associated with the 
seasonal migration of the equatorial rainfall belt, the 
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narrowing of this belt caused 
rainy seasons to become shorter. 

The observable sequence of 
events began in 1894 with a 
failure of spring rains in the 
‘transition’ regions of South 
Africa and Australia. A pro- 
longed drought commenced in 
1895 on the equatorial fringes of 
the arid zones. From 1899 
onwards dry conditions affected 
both the east coast of the con- 
tinents and wet tropical regions 
with pronounced seasonal rain- 
fall regimes. In 1902 a sudden 
onset of warmer conditions can 
be observed in the temperature 
records of many stations in tem- 
perate regions, demonstrated for 
Edinburgh, for example, by 
Veryard’. An accelerated reces- 
sion of glaciers has also been 
reported to have started at the 
beginning of the century. By 
1910 the seasonal pressure fluc- 
tuations associated with the 
Asiatic monsoon began to in- 
crease in amplitude, resulting in 
a return to somewhat moister 
conditions in India‘. 

To interpret the sequence it 
should be considered that in 
spite of the marked change of 
rainfall in low latitudes, no 
corresponding change can be 
discerned in higher latitudes. 
The decrease of rainfall in low 
latitudes must therefore have 
been associated with reduced 
evaporation. There is no evi- 
dence of a change in solar 
radiation at sea-level; in fact, 
the decrease in rainfall may well 
have been associated with a 
decrease in cloudiness. As a 
result of reduced evaporation, 
the sea surface should have 
become warmer. Transport of 
warmer water to higher latitudes may have con- 
tributed to the temperature increases and accelerated 
glacier recessions there, at the beginning of the 
century. By 1910 the heating of the Arctic may 
have progressed sufficiently to cause a weakening 
of the zonal atmospheric circulation which would 
permit a stronger development of the monsoon. 

Evaporation from the sea depends on the wind 
strength. The trade-wind circulation is largely 
driven by a heat source associated with the liberation 
of latent heat in precipitation, and by a cold source 
associated with radiational cooling in the free atmo- 
sphere. The intensity and the difference in the level 
of these two sources determine the efficiency of the 
conversion of thermal into kinetic energy, and hence 
the strength of the trade circulation. 

Both the height and the intensity of radiational 
cooling from the troposphere are affected to some 
smal! extent by ozone. Plass* calculated that com- 
paratively minor changes in the ozone distribution 
could change the equilibrium temperature at the 
ground and at the top of cloud banks by more than 
2 deg. C. In the free troposphere the heating and cooling 
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rates due to ozone amount only to a few tenths of a 
degree per day, but even that may be sufficient to 
affect the trade circulation, which is a rather finely 
balanced process. The ozone layer in high latitudes 
is so thick that its upper strata shield it effectively 
against most solar influences. Changes in the ozone 
distribution there are mainly associated with 
vertical motion in the troposphere below. Near the 
equator the ozone is more likely to be affected 
directly by possible changes in ultra-violet solar 
radiation. Increases in short-wave radiation would 
tend to cause some heating and possible lowering of 
the tropical ozonosphere. This in turn would reduce 
radiational cooling in the troposphere and so decrease 
the efficiency of the trade circulation. It may be 
shown that if this effect exists, sudden changes in 
the tropical radiation balance would tend to cause 
disturbances in the atmospheric circulation pattern 
some two or three weeks later. This is supported by 
some observational evidence. 

Menzel* and Bell* have discussed another possible 
mechanism of solar— weather relationships. They 
quote Craig, who found a statistically significant 
association of magnetic perturbations with pressure 
rises at 60—-70° N. and pressure falls at about 40° N. 
It is assumed that such a pressure change would 
tend to oppose the accumulation of cold surface air 
in the Arctic. Magnetic disturbances are caused by 
corpuscular streams. Menzel indicates that the 
incoming stream may at times carry an energy 
density which over a limited area can be equivalent 
to that of solar radiation itself, and that this should 
cause intense heating of the surrounding atmospheric 
regions. Bell suggests that this causes the reported 
statistical changes in surface pressure. It is difficult 
to conceive a physical mechanism which would link 
high-level heating in the auroral zone with mass 
movements in the troposphere. If the mechanism 
stipulated by Miss Bell does in fact exist, it would 
act parallel to the one outlined above for the tropics. 
The increased solar activity would then tend to 
favour penetration of warm air into high latitudes 
on one hand; on the other, it would be associated 
with a less efficient trade circulation, decreased 
evaporation and a narrowed tropical rainbelt. 

The tropospheric radiation balance is also affected 
by dust. Variations in dust content may affect in 
addition the available number of freezing nuclei. 
However, the decrease in rainfall at the end of the 
past century cannot be readily associated with the 
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date of any major voleanic eruption or known change 
in meteoric activity ; nor can this be done for the 
recent widespread increase in precipitation. Further- 
more, these rainfall changes affected only a limited 
part of the globe. This seems to exclude explanations 
of climatic change primarily in terms of a changing 
number of atmospheric freezing nuclei. 

To summarize: precipitation in the sub-tropics 
was generally above the 1881-1940 mean during the 
recorded part of the nineteenth century. <A dry 
period associated with a widening of the arid belts 
set in abruptly at the end of the century. This lasted 
with only short interruption until a return of con- 
sistently wetter conditions in recent years. In several 
stations at the fringes of the arid zone the changes 
of long-term means amounted to more than 30 per 
cent. In climatically corresponding locations the 
change occurred simultaneously north and south 
of the equator. Tentative explanations in terms 
of variable solar activity are possible, but they 
cannot be substantiated without continuing quan- 
titative measurements of the Sun and the upper 
air. 

The large simultaneous change which occurred at 
the end of the past century at the fringes of the arid 
zone passed comparatively unnoticed. With the 
present more intensive development of marginal 
resources the economic effects of a similar change 
would be more apparent. In the case of Japan, this 
has been demonstrated rather strikingly by Arakawa’. 
Records of rainfall, stream flow, flood incidence, eitc., 
which cover a limited period only, must not be used 
uncritically as a basis for planning costly develop- 
ments of marginal water resources. The study of 
climatic fluctuations has therefore concrete practical 
implications, besides bearing upon knowledge of the 
past and upon interpretation of our present physical 
environment. 

District rainfall values were made specially avail- 
able by the Directors of the Australian and Indian 
Meteorological Services; this is gratefully acknow- 
ledged. 

: mat H., Archiv fiir Met., Geophys. und Bioklimatologie, 7, 406 
* Arakawa, H., papers in Met. and Geophys., Tokyo, 7, No. 1 (1956). 
* Kraus, E. B., Quart. J. Roy. Met. Soc., 81, 198 (1955). 

‘ Kraus, E. B., Quart. J. Roy. Met. Soc., 81, 480 (1955). 

* Kraus, E. B., Quart. J. Roy. Met. Soc., 82, 289 (1956). 

* Shapley, H., “Climatic Change’ (Harvard University Press, 1953). 

" Veryard, R. G., Weather, 9, 355 (1956). 

* Plass, G. N., Quart. J. Roy. Met. Soc., 82, 30 (1956). 
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OBITUARY 


Dr. A. V. Few 


By the death of Dr. A. V. Few on December 24 
from poliomyelitis, after a very short illness, research 
work vn the surface chemistry of biological systems 
has lost one of its foremost younger workers. 

Alan Victor Few was born on December 28, 1926, 
and was educated at Alleyn’s School, Dulwich (1937— 
43), and then at Battersea Polytechnic, London, where 
in 1946 he graduated in chemistry, obtaining the 
B.Sc. (Special) degree with first-class honours. After 
a short spell in industry, he returned to Battersea in 
1947 and worked with Dr. J. W. Smith. In 1949 he 
obtained the Ph.D. degree at the University of 


London for his work on the “Molecular Polarization 
of Amines in Solution”’. 





However, his future interest in research was 
determined in 1949, when he moved to the Wright- 
Fleming Institute of Microbiology. Here he com- 
menced to work on the physical chemistry of bacterial 
cells with Drs. P. D. Cooper and D. Rowley, work 
which led to the investigation of the mode of action 
of penicillin with the cell wall of Staphylococcus 
aureus, and emphasized the importance of studying 
the surface chemical properties of penicillin salts. In 
1951 he moved to the Department of Colloid Science, 
Cambridge, with a grant from the Medical Research 
Council, where in the group under the direction of 
Dr. J. H. Schulman he commenced to study in detail 
the interaction of antibiotics with bacterial surfaces 
using surface-chemical techniques. As well as peni- 
cillin, the action of polymyxins was studied, and by 
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the use of a low-pressure surface balance, with salt 
solutions as substrate, the molecular weights of 
polymyxins A, B, D and E were determined. In 
1953 he was awarded the Ph.D. degree of the 
University of Cambridge for a thesis entitled “The 
Surface Chemistry of Certain Antibiotics’’. 

This work had merely acted as an apéritif, and on 
his appointment to the external staff of the Medical 
Research Council, he proceeded with great enthusiasm 
to study the interaction of many other compounds 
with bacterial surfaces, and with cell extracts. His 
most recent work included investigations on the 
behaviour of the cyclic polypeptides, tyrocidine and 
gramicidin S at the air-water interface, the binding 
of surface-active agents by proteins, and an extensive 
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study with Dr. A. R. Gilby of the interaction of 
surface-active agents with bacterial surfaces. 

A modest man of charming disposition, he was an 
enthusiastic and determined research worker, always 
willing to discuss problems with junior workers and 
to give advice when consulted. He will be remem- 
bered with great affection by his colleagues and 
collaborators. His untimely death at an early 
age has robbed surface chemistry of a very active 
and promising worker. 

His marriage to Gwendolen Mary Crookenden in 
1949 was a very happy one, and there can be no 
doubt that his happy home-life contributed greatly 
to his research. He is survived by his wife and two 
young daughters. R. H. Orrewiiu 


NEWS and VIEWS 


Commonwealth Trans-Antarctic Expedition 


THe Commonwealth Trans-Antarctic Expedition 
led by Dr. Vivian Fuchs arrived at Scott Base on the 
Ross Sea at 1.47 p.m. on March 1, having completed 
the “last great journey in the world’”’. The expedition 
has crossed the Antarctic Continent from Shackleton 
Base on the Weddell Sea, a distance of 2,150 miles, 
in ninety-nine days. The purpose of the journey has 
been to conduct a programme of scientific observa- 
tions including seismic soundings, gravimetric read- 
ings, and meteorological observations in connexion 
with the International Geophysical Year. The survey 
party was accompanied by Sir Edmund Hillary, who 
met Dr. Fuchs at Depot 700, the last of the chain of 
five depots of food and fuel, established earlier between 
Scott Base and the South Pole. The other members 
of the expedition are : Warrant-Officer Roy Homard, 
engineer (Brixton) ; Ralph Lenton, wireless operator 
and carpenter (Coulsdon, Surrey); George Lowe, 
photographer (Hastings, New Zealand) ; David Pratt, 
engineer and transport officer (Bournemouth) ; Allan 
Rogers, medical officer (University of Bristol) ; 
David Stratton, surveyor and second in command of 
the team (London); Johannes la Grange, meteorol- 
ogist (Keighley); and Geoffrey Pratt, physicist 
(Richmond, Surrey). They were met by vehicles and 
sledges manned by the New Zealand party which set 
out from Scott Base to accompany the expedition for 
the last mile or so. Dr. Fuchs was greeted at Scott 
Base by congratulatory messages from scientific and 
geographic institutions throughout the world, and 
from the prime ministers of the United Kingdom, 
New Zealand and South Africa. 

A message from H.M. The Queen, who has 
announced her intention of conferring a knighthood 
upon Dr. Fuchs, said: ‘On the completion of your 
hard and adventurous journey across Antarctica my 
husband and I send our warmest congratulations to 
you and all members of the Commonwealth Trans- 
antarctic Expedition. You have made a notable 
contribution to scientific knowledge and have 
succeeded ina great enterprise. Welldone. Elizabeth R.” 


Woods Hole Oceanographic Institution : 
Dr. C. O’D. Iselin 
Dr. C. O’D. Isexrx, director of the Woods Hole 
Oceanographic Institution and its mainstay since it 
was founded in 1930, is retiring. He started his 
oceanographic career by exploring the Labrador 


current in his own schooner Chance in the summer 
of 1926. He had much to do with the building 
of Atlantis, which still serves the Institution, and 
took command on her first voyage in 1931. He 
was appointed director of the Institution in 1940, 
but after serving for ten years asked to be re- 
lieved of this responsibility (as Dr. Bigelow had 
done after the first ten years) to gain time for 
research. He is best known for his contributions to 
our knowledge of the Gulf Stream and the circulation 
of the western North Atlantic Ocean, but since 1940 
he has devoted much of his time to the commendable 
task of guiding the many new developments created 
by the growing demands of science, defence and 
industry, for better understanding of the oceans. 
Although it has been a period of great expansion of 
interest in marine physics, he has maintained the 
traditional interest of the Woods Hole Institution in 
biological problems, and has done much for the local 
fisheries. For his work on the application of science 
to undersea warfare he was awarded the Legion of 
Merit in 1948, and he received the Agassiz Medal of 
the U.S. National Academy of Sciences in 1951. He 
had to return to the directorship of the Institution 
as a temporary measure in 1956 on the retirement 
of Admiral E. H. Smith, and will continue to be 
associated with the laboratory as the first holder of 
the chair of Henry Byant Bigelow Oceanographer 
recently founded by the Board of Trustees. 


Dr. P. M. Fye 


Dr. Pavt M. Fy, the future director, is a chemist 
with long experience of government service and 
research administration. In 1942, at the age of 
thirty, he went to the Underwater Explosives 
Laboratory at the Woods Hole Institution, and 
became research director of the project in 1945. 
After the Second World War he returned to teaching 
for a year in the University of Tennessee, and then 
went to work at the Naval Ordnance Laboratory, 
where he was appointed associate director for research 
in 1956. His research interests have been in the fields 
of gas kinetics, photochemistry, purification of gases, 
high explosives damage, underwater photography, 
gas equilibria, liquid state and explosion of products. 
His work at Woods Hole and in the Naval Ordnance 
Laboratory has interested him in oceanographic 
problems, and he is well known to marine scientists 
in the United States. 
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Mathematics at Bedford College : 
Prof. W. N. Bailey 


Tue retirement of Prof. W. N. Bailey from the 
chair of mathematics at Bedford College, in the 
University of London, has been announced. Previous 
to his appointment to this chair in 1944, Prof. Bailey 
had been for many years senior lecturer in mathe- 
matics in the University of Manchester. He is best 
known for his work on generalized hypergeometric 
series, being the author of a number of papers on the 
subject, and of a Cambridge Tract (published in 
1935) which is the standard work of reference. He is a 
D.Sc. of the University of Manchester and an Sc.D. 
of the University of Cambridge. He has held several 
offices in the London Mathematical Society, having 
been librarian during 1944-46, editor of the Pro- 
ceedings during 1946-49, secretary 1954-55 and vice- 
president during 1955-57. 


Dr. H. G. Eggleston 


Dr. H. G. Eacizston has been appointed to the 
chair of mathematics at Bedford College in the 
University of London, in succession to Prof. W. N. 
Bailey. Dr. Eggleston has been lecturer in mathe- 
matics in the University of Cambridge since 1953, 
having previously held an appointment at University 
College, Swansea. He is one of the younger genera- 
tion of analysts who have established their reputation 
since the Second World War: he graduated at 
Cambridge in 1943, took the Ph.D. degree in 1948 
and was awarded an Sc.D. in 1954. His work has 
been mainly in real variable theory, particularly the 
theory of measure and the properties of convex sets. 
His distinguished contributions to these fields have 
been recognized by the award to him, last year, of 
the Adams Prize in the University of Cambridge. 
He is at present a member of the editorial committee 
of the Cambridge Philosophical Society, and a member 
of the Council of the London Mathematical Society. 


Physiological Chemistry in the University of Reading 


Tue Department of Agricultural Chemistry in the 
Faculty of Agriculture and Horticulture of the 
University of Reading is concerned with animal 
nutrition, soil science, dairy chemistry and pesticide 
chemistry. Modern developments in these subjects 
have been particularly concerned with physiology and 
biochemistry, which have accordingly in the past 
few years figured prominently in the Department’s 
teaching and research programme. These develop- 
ments, and the fact that there is no separate depart- 
ment in the Faculty of Science concerned with 
physiology or biochemistry, have resulted in the 
establishment of the Department of Physiological 
Chemistry. It will be formed in October 1958, and 
will have responsibilities to both Faculties. In the 
Faculty of Agriculture and Horticulture, teaching of, 
and research in, the various branches of agricultural 
chemistry will continue as before. This teaching 
consists of the provision of the honours degree 
course in agricultural chemistry and of what may be 
called ‘service courses’ for students reading for 
degrees in agriculture, horticulture, dairying and 
agricultural botany. In the Faculty of Science there 
will ultimately be courses in physiological chemistry 
to general and special degree levels, but these 
developments jwill depend upon the provision of more 
laboratory space and the recruitment of new staff. 
Prof. C. Tyler, who has been professor of agricultural 
chemistry since 1947, will become professor of physio- 
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logical chemistry on September 30, and the staff of 
the Department of Agricultural Chemistry will form 
the nucleus of the staff for the new department. 


European Organization for Nuclear Research 


REPLYING to @ question on February 25 regarding 
the laboratories of the European Organization for 
Nuclear Research at Geneva, Mr. H. Nicholls, Par- 
liamentary Secretary to the Ministry of Works, as 
representing the Lord President of the Council, said 
that the smaller nuclear particle accelerator has 
undergone running trials and is now available for 
full-scale research. The larger accelerator should 
come into service in 1960, and good progress is also 
being made with the laboratory buildings. The third 
annual report of the Organization will be issued 
shortly. The United Kingdom has provided about 
40 of the total staff of 170 and is responsible for about 
a quarter of the total cost of the project of £15 million. 


Preservation of Hadrian’s Wall 


THE methods used in preserving Hadrian’s Wall 
were discussed in the House of Commons on Feb- 
ruary 25. The Minister of Works, Mr. H. Molson, 
said in reply to a question that the methods of 
maintenance used by the Ministry have been approved 
by the Ancient Monuments Board for England. The 
archeological policy in carrying out the repair work 
is directed by the Ministry’s Inspector of Ancient 
Monuments, who has visited the work periodically 
and has had the co-operation of local archzologists 
who are specialists on Hadrian’s Wall. The day-to- 
day work is supervised by staff with long experience 
of archeological restoration. Original Roman work 
is exposed, retained and consolidated in the state in 
which it is found. Fallen stones are replaced if their 
original position is known, and stones on the point 
of falling are removed from the Wall and re-bedded. 
Apart from this re-bedding, there has been no 
dismantling of the Wall at Birdeswald or elsewhere. 
Roman mortar is kept wherever possible, and on 
exposed surfaces lime mortar is used when necessary. 
Mr. Molson said that he has had letters from Prof. E. 
Birley and Mr. J. P. Gillam, professor and reader, 
respectively, of Romano-British history and archzo- 
logy in the University of Durham, approving of what 
had been done. 


Ordnance Survey 


In replying for the Government in an adjournment 
debate on February 20 on redundancies in the Ord- 
nance Survey Department, Mr. J. B. Godber said 
that the Ordnance Survey had for some years been 
endeavouring to recruit cartographic draughtsmen 
and surveyors through the Civil Service Commission, 
but had not succeeded in filling its authorized non- 
industrial complement. Last summer there was a 
marked improvement in recruitment and more than 
200 out of nearly 300 candidates were accepted. 
Continuance of recruitment at this rate for two or 
three months would have filled the authorized com- 
plement, and sufficient established recruits would 
have been available to replace the temporary staff 
during 1958. Meanwhile, the Civil Service Arbitration 
Tribunal awarded an increase of about 15 per cent 
in the rates of pay for cartographic draughtsmen, 
and in consequence of the Government’s policy that 
increased wages costs falling on the Exchequer 
should be met by corresponding savings elsewhere, 
it was decided to restrict the Ordnance Survey 
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Department's non-industrial strength to 3,827. In 
consequence, the Department had 200 fewer posts 
and more than 200 additional draughtsmen, 50 of 
whom had been asked to report for duty. After 
considering the three alternative possibilities, the 
Minister decided, in view of the adverse effect on 
recruitment of the alternatives, the importance of a 
proper age distribution and of the maximum pro- 
portion of permanent staff, to advance the anticipated 
discharge of temporary staff during 1958, most of 
whom were eligible for consideration for a gratuity, 
and discharge some temporary staff immediately and 
the remainder over a period of nearly a year, not 
more than twenty-five in any three months. Mr. 
Godber emphasized that most of them had had an 
opportunity to become established at some time. 
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Agricultural Research 


Mr. J. B. GopBEr, Parliamentary Secretary to the 
Ministry of Agriculture, Fisheries and Food, in a 
written answer for the Lord President of the 
Council in the House of Commons on February 17, 
gave the total estimated expenditure on agricultural 
research co-ordinated by the Agricultural Research 
Council for the present financial year as £4,657,000, 
of which £2,033,000 is for animal research, £2,084,000 
on plants and soils research and £350,000 on research 
on agricultural machinery. Research under the 
Ministry of Agriculture, Fisheries and Food was 
estimated to amount to another £166,000 on animal 
research and £2,000 on plant research. 


University Apartheid 

As a result of suggestions made by participants at 
the meeting on university apartheid held in London 
in November (see Nature, 180, 1163 ; 1957), the Inter- 
national Committee on Science and Freedom, in 
co-operation with the World University Service, has 
launched an appeal for funds to help non-white 
South African students to obtain university education 
at one of the two ‘open’ universities, at Cape Town 
and Witwatersrand, before the Separate University 
Education Bill, reserving these universities for whites 
only, becomes effective in South Africa. This legis- 
lation will probably not become effective before 
January 1959; students who are attending a 
university at that time will be allowed to finish 
their course. If and when the Separate University 
Education Bill becomes effective, then the funds 
collected in aid of non-white students will be used to 
help them to attend universities outside South 
Africa. The World University Service will distribute 
the money, in the first instance, among the organiza- 
tions that have been formed in South Africa, under 
university auspices, to assist non-white students to 
obtain university education. These organizations will 
be responsible for selecting the students who are to 
benefit from financial aid, and watching over their 
progress. Contributions to this fund can be sent to 
the Secretary, World University Service, 59 Gloucester 
Place, London, W.1, from whom further information 
can be obtained. 


Importation into Britain of Liquid Natural Gas 


A DEVELOPMENT of singular interest has recently 
been reported, namely, the importation into Britain 
of liquefied natural gas, to be used in the gas industry. 
There are many parts of the world in which natural 
gas is found, but in which there is no local demand 
for fuel. If the importation of such gas from such 
sources can supplement the fuel supplies of industrial 
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areas on an economical basis, then the development 
constitutes an addition to the utilizable fuel supplies 
of the world. Trial shipments of natural gas, liquefied 
by the use of an already existing liquefaction plant 
constructed on a barge, are to be taken from the 
Gulf Coast oilfields to a depot on Canvey Island. 
The technical problem which appears to have been 
overcome is the construction of insulated tanks, and 
the ballasting of the ship to carry the exceptionally 
light cargo. It is well known that normal materials 
for the construction of such tanks are liable to lose 
the required properties at the very low temperatures 
involved, in this case — 260° F., for liquefaction at 
atmospheric pressure. A new transmission line is 
being laid from Canvey Island to connect with a 
high-pressure main already in existence between 
Shellhaven and Romford Works, and the gaseous 
methane will mix with refinery gases from the Shell- 
haven refinery. The vessel which is being converted 
for a trial load is a double-bottom cargo ship about 
340 ft. in length which, after conversion, will carry 
about 2,000 tons of liquid methane. The methane, 
of which natural gas mainly consists, and a rich gas 
of a calorific value of 1,000 B.T.U. per cu. ft., will be 
transformed into gas of the normal towns’ gas value 
of 500 B.T.U. per cu. ft. for use in consumers’ appli- 
ances. The results of this venture will doubtless be 
watched with great interest. 


Aerodynamics 

A symposium on “Real Gas Effects in High Speed 
Flow” held at the Armament Research and Develop- 
ment Establishment, Fort Halstead, on February 11, 
was attended by representatives of the Government 
research establishments, the universities and inter- 
ested firms. Four papers were presented, the first 
by K. N. C. Bray (University of Southampton) 
discussing “Relaxation Phenomena in a Hypersonic 
Nozzle”. Using Prof. Lighthill’s model of an ideal 
dissociating gas and Dr. Freeman’s equation for the 
rate of dissociation, Bray showed that for a typical 
hypersonic nozzle it is unlikely that the flow would 
reach thermodynamic equilibrium and that the nozzle 
exit, that is, test conditions, would be unrepresenta- 
tive of free flight. These very interesting conclusions 
are in direct contrast to other previous work. In 
“The Effect of Relaxation on Gas Properties’, 
D. H. G. Frood (University of Liverpool) examined 
the flow chemistry behind a strong shock and sug- 
gested that dissociation need not occur from the 
ground-state only, as postulated by previous workers. 
This would explain the short dissociation relaxation 
times found experimentally. B. G. Woods (Royal 
Aircraft Establishment, Farnborough) presented the 
results of some shock-tube performance calculations 
in his paper “‘Real Gas Effects in the Hypersonic Shock 
Tube”. He directed attention to the difficulty of 
avoiding slip-flow test conditions when expanding to 
flow temperatures representative of the atmosphere. 
Real gas effects reduce to less than half the testing 
period at shock strengths greater than 10. The 
final paper, on “Energy Transfer through a Dis- 
sociated Gas in Couette Flow’’, was read by J. F. 
Clarke (College of Aeronautics, Cranfield). The 
chemical composition of the flow was presented, 
together with the velocity and temperature profiles 
for both chemically frozen flow and flow in thermo- 
dynamic equilibrium. The heat-transfer and skin- 
friction relations were also described. The meeting 
ended with a brief tour of the hypersonic test facilities 
at Fort Halstead. Fuller reports of the papers 
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presented and the discussion are to be published by 
the Establishment. 


British Group for Engineering Applications of 

Automation 

Tue British Conference on Automation and Com- 
putation is being organized in three sections, as 
follows: (A) the British Group for the Engineering 
Applications of Automation ; (B) the British Group 
for Computation and Automatic Control; and (C) 
the British Group for the Sociological and Economic 
Aspects of Automation Techniques (Nature, 179, 
948 ; 1957). The British Group for Computation and 
Automatic Control, Group B, was formally con- 
stituted on December 20 (Nature, 181, 237; 1958). 
At a meeting held on February 20, Group A, the 
British Group for the Engineering Applications of 
Automation, was formally constituted, comprising as 
its members twenty-one professional and learned 
institutes and societies with interests in this field. 
The objects of the Group are: to foster the develop- 
ment of the engineering applications of automation ; 
to afford a common meeting ground for the adhering 
organizations ; to maintain liaison with other Groups 
of the British Conference on Automation and Com- 
putation and with corresponding national committees 
of other countries; and to encourage and to co- 
ordinate the presentation at international conferences 
of British papers on subjects falling within the 
purview of the Group. Dr. D. F. Galloway, a 
member of the Council of the Institution of Mech- 
anical Engineers, was elected chairman of the Group, 
with Mr. J. 8. Brough and Sir Walter Puckey (past- 
president of the Institution of Production Engineers) 
as vice-chairmen. Mr. Brian G. Robbins (secretary 
of the Institution of Mechanical Engineers) was 
elected honorary secretary, and the offer of the 
Institution of Mechanical Engineers to provide 
secretarial services for the Group was accepted. Dr. 
Galloway, Mr. Brough and Sir Walter Puckey will 
represent Group A on the general committee of the 
British Conference on Automation and Computation, 
which is made up of three representatives of each 
Group. The constitution of the Group provides for 
the election of additional member societies: those 
interested should write to the honorary secretary of 
the Group, at the Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London, 8.W.1. 


Foundation of an Association of Radiobiologists 


THE formation of an Association of Radiobiologists 
has been under consideration for some time (Nature, 
180, 411 ; 1957). At a recent meeting of the Radiation 
Research Visiting Club, a steering committee was set 
up to propose the constitution of some form of 
association which would not jeopardize the future of 
the Club as it is at the moment. The Radiation 
Research Visiting Club has been invited to visit the 
Expermmental Radiopathology Research Unit, at 
Hammersmith Hospital, on May 9 and 10, and an 
open meeting is to be held on May 9 at 5 p.m., at 
which the steering committee will formally propose 
the formation of an Association. The question as to 
whether an Association should be formed and, if so, 
the general nature of its constitution, will be debated. 
If it accords with the wishes of the meeting, an 
Association will come into being at this meeting and 
a body of versons will be elected to draw up rules 
and to attend to any other business of the Association 
which the meeting shall direct. Any interested person 
who wishes +o attend this meeting, and who has not 





NATURE 





March 8, 1958 


previously been in contact with the Radiation 
Research Visiting Club, should communicate with the 
Director, Experimental Radiopathology ResearchUnit, 
Hammersmith Hospital, Ducane Road, London, W.12. 


Trace Metals and Nitrogen Metabolism 


In an investigation of the function of trace metals 
in the nitrogen metabolism of plants, D. J. D. 
Nicholas (Annals of Bot., N.8., 21, 587; 1957) has 
pointed out that trace metals have been found to be 
associated with flavoproteins, a number of which are 
key enzymes in the nitrogen metabolism of plants. 
Thus, molybdenum is a constituent of nitrate 
reductase which catalyses the reduction of nitrate to 
nitrite in some bacteria, fungi and higher plants. 
During the enzymic reduction of nitrate a one- 
electron change is involved, Mo*+ = Mo'+. Nitrite 
and hyponitrite reductases both require iron and 
copper and flavin for maximum activity and are 
inhibited by uncoupling reagents so that a phos- 
phorylation takes place at these two reductive steps. 
Hydroxylamine reductase is a flavoprotein dependent 
on manganese, but, as with nitrate reductase, it 
is unaffected by uncoupling reagents. An aromatic 
route may also exist in plants for the reduction of 
organo-nitro compounds, but it is more likely that 
the aliphatic route is the primary reductive pathway. 

Molybdenum, vanadium, tungsten and iron may 
all be involved in the process of nitrogen fixation in 
free-living micro-organisms and in the root-nodule 
bacteria. The suggestion that the enzyme hydro- 
genase is coupled to nitrogen fixation is not borne 
out by the results of valency experiments with 
molybdenum and vanadium, which show that an 
active hydrogenase does not necessarily result in a 
vigorous fixation process. Although molybdenum 
has been shown to be @ constituent of hydrogenase 
from Clostridium pasteurianum, experiments in the 
Long Ashton Research Station laboratory show that 
a deficiency of iron only reduced the enzyme in this 
organism and in Azotobacter. Both molybdenum and 
iron, however, are essential for nitrogen fixation. In 
some strains of Azotobacter, vanadium or tungsten 
can partially replace molybdenum for nitrogen 
fixation. 


The Folklore of Birds 

A survey of English folklore is being made by the 
Department of English in University College, London, 
under the guidance of Prof. A. H. Smith, with the 
assistance of Mr. J. McN. Dogson. The object of this 
survey is to collect an archive of folklore materials 
rather than to prepare, in the early stages at least, 
studies and monographs on particular aspects of 
folklore. A large and representative body of volun- 
tary collectors and informants from all parts of the 
country is needed, and those who are interested 
should write for information to the English Folk- 
lore Survey, University College, Gower Street, 
London, W.C.1. Questionnaire No. 8 of the English 
Folklore Survey deals with birds. It seeks informa- 
tion on the popular lore relating to birds, on popular 
beliefs about the physical appearance, habits and 
life-cycles of British birds, both wild and domestic, 
on any association of birds with good or ill luck, or 
with weather, etc. Informants are requested to send 
in information referring to various aspects of bird- 
life in folklore discussed under fourteen headings. 
British ornithologists and especially bird watchers 
should be interested in the work carried on by the 
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Radiofrequency Spectroscopy Group 

A piscussiIon will be held on “High Resolution 
Nuclear Magnetic Resonance” in Oxford during 
April 21-22, organized by Dr. R. Richards. Limited 
accommodation will be available in college for those 
who wish it. Reservation forms for this should be 
obtained from Dr. R. Richards, Lincoln College, 
Oxford. It is hoped that there will be contributions 
on the theory of high-resolution spectra, its applica- 
tion to organic and inorganic chemistry, and on 
the design of spectrometers. It is not intended 
to have any introductory accounts of the subject. 
Another meeting will be held during September 22- 
23, at Newcastle, on “Magnetic Resonance in the 
Solid State”, organized by Dr. E. E. Schneider. 
Further information about these meetings and the 
Group can be obtained from Dr. D. J. E. Ingram, 
Honorary Secretary, Radiofrequency Spectroscopy 
Group, The University, Southampton. 
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Physical Society Exhibition 

Tue Physical Society’s annual Exhibition of 
Scientific Instruments and Apparatus will be held in 
the Old and New Halls of the Royal Horticultural 
Society, Westminster, 8.W.1, on the following dates : 
March 24, 10.30 a.m.—7 p.m. (Fellows and Press only, 
10.30 a.m.—2 p.m.); March 25, 10 am.—9 p.m. ; 
March 26, 10 a.m—7 p.m.; March 27, 10 a.m— 
4.30 p.m. The size of the Exhibition is expected to 
be similar to that of previous years, including 133 
exhibitors, and a large number of universities, 
hospital physics departments and research organiza- 
tions are again participating, thus assuring a high 
proportion of purely research exhibits. The following 
discourses, to be delivered at 5.45 p.m. on the dates 
indicated, are to be given: March 24, “Goethe’s 
Colour Experiments’’, by Mr. M. H. Wilson (Goethean 
Science Foundation); March 25, “Some Uses of 
Physics in Archzology”, by Dr. E. T. Hall (Research 
Laboratory for Archeology and History of Art, 
Oxford); March 26, “Some Recent Investigations 
with Aircraft on the Physics of Clouds and Rain’’, 
by Mr. R. J. Murgatroyd. As in previous years, the 
Society is publishing a “Handbook of Scientific 
Instruments and Apparatus’”’ in connexion with the 
Exhibition (6s. net or 7s. 8d. post paid). All in- 
quiries should be addressed to the Physical Society, 
1 Lowther Gardens, Prince Consort Road, London, 
8.W.7. 


University News : 
University College of Rhodesia and Nyasaland 


Lever Brotuers (RuHopesia), Lrp., has given 
£10,000 to the University College of Rhodesia and 
Nyasaland to endow a Research Fellowship. The 
Lever Research Fellowship will be of the value of 
£650 per annum, and preference in its award will be 
given to male graduates who wish to pursue advanced 
study and research in chemistry, chemical engineering 
or allied subjects. There are no restrictions of race 
or colour for candidates, who must normally be 
residents or children of residents in the Federation 
of Rhodesia and Nyasaland. 


Sheffield 


THE following have resigned: Prof. R. P. Jepson, 
on his appointment as professor of surgery in the 
University of Adelaide; Prof. W. Hobson, on his 
appointment as medical officer in training and 
education in the World Health Organization Regional 
Office, Copenhagen. 
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The University has received the following grants : 
£2,000 a year for the next five years from the Town 
Trustees. This will be used for strengthening the 
recently created Department of Psychiatry. 8,500 
dollars from the Rockefeller Foundation for research 
in microbiology. 


Announcements 


Tue following awards have been announced by the 
Royal Society of Edinburgh: Keith Prize, 1955-57, 
to Dr. I. M. H. Etherington, for his papers on algebra 
published in the Proceedings of the Society during 
the period of the award and for his earlier contribu- 
tions in the same field; Neill Prize, 1955-57, to 
Monica Taylor, for her joint paper published in the 
Proceedings of the Society during the period of the 
award and in recognition of her distinguished con- 
tributions to protozoology. 


Dr. D. G. Evans has been appointed director of 
the Division of Biological Standards at the National 
Institute for Medical Research in succession to Dr. 
W. L. M. Perry, who is going to the chair of materia 
medica in the University of Edinburgh. 


THE annual open day of the Glasshouse Crops 
Research Institute will be held on June 11. Further 
information can be obtained from the Institute, 
Worthing Road, Rustington, Littlehampton, Sussex. 


Tue 1958 annual conference of the Textile Institute 
will be held at Edinburgh during May 12-16. The 
subject will be “Fibre Blends and Mixtures”. Further 
information can be obtained from the Textile 
Institute, 10 Blackfriars Street. Manchester 3. 


A GENERAL discussion, organized by the Faraday 
Society, on “Configurations and Interactions of 
Macromolecules and Liquid Crystals’’ will be held in 
the Department of Chemistry, University of Leeds, 
during April 15-17. Further information can be 
obtained from the Secretary, Faraday Society, 
6 Gray’s Inn Square, Gray’s Inn, London, W.C.1. 


Tue Institution of Electrical Engineers is holding 
an International Convention on Microwave Valves 
during May 19-23. Further information can be 
obtained from The Secretary, Institution of Electrical 
Engineers, Savoy Place, London, W.C.2. 


THE third congress of the International Federation 
of Prestressing will be held in Berlin during May 
5-10. Further information can be obtained from 
Mr. Philip Gooding, Secretary, Prestressed Concrete 
Development Group, Terminal House, Grosvenor 
Gardens, London, 8.W.1. 


THe eighth annual meeting of the Société de 
Chimie Physique, which is to be held in Paris during 
May 27-30, will be devoted to a discussion on ““Trans- 
ferts d’Energie Lumineuse et Photosensibilisation’’. 
Further information can be obtained from Prof. G. 
Emschwiller, Ecole Supérieure de Physique et de 
Chimie, 10 rue Vauquelin, Paris Ve. 


Erratum. In the communication entitled ‘‘Iso- 


leucine and Allo-isoleucine’” by Anna W. I. van 
Dam-Bakker in Nature of January 11, in line 8 on 
p. 117, the comment “erroneously called threonine by 
Shulgin” is incorrect ; the phrase should read “an 
allo-configuration is also possible for hydroxyproline, 
hydroxylysine and threonine, which also contain 2 
asymmetric carbon atoms’’. 








674 


NATURE 


March 8, 1958 


VoL. 181 


INDUSTRIAL CARBON AND GRAPHITE 


HE rapidly developing interest in carbon and 

graphite was demonstrated by the presentation 
of more than sixty papers, running in preprint form 
to more than 500 pages, to the Conference on Indus- 
trial Carbon and Graphite organized by the Society 
of Chemical Industry and held in London during 
September 24-26. In part, the enhanced importance 
of these materials has arisen from the employment of 
graphite as a moderator in nuclear-power production, 
but the use of industrial carbon in many other 
branches of industry has also increased greatly in the 
past two decades. 

The Conference was opened by Dr. H. K. Cameron, 
who surveyed the traditional uses of carbon, and 
modern developments from them, and ventured to 
predict some of the problems of carbon technology 
which might be solved in the future. 

Historically, the expanding industrial use of 
carbon has depended mainly upon the evolution of a 
technology for the conversion of the irregular piece 
of coke or char resulting from the carbonization of 
organic matter into strong, rigid, macroscopically 
homogeneous forms suitable for industrial applica- 
tion. The basic process has remained unchanged for 
a century. The primary coke is ground (to form the 
‘grist’), mixed with a suitable binder (such as tar or 
pitch), pressed or extruded into the desired shape 
and calcined. The binder decomposes to form a 
secondary coke which links together the particles of 
the primary coke to produce a rigid product. At this 
stage the material is called ‘industrial carbon’. In 
recent years a further process is often added in which 
the carbon is heated in an inert atmosphere (such as 
argon) to temperatures in excess of 2,000° C. to 
induce graphitization. The product is ‘industrial 
graphite’. 

Materials prepared in this way find many appli- 
cations. Among those dealt with specifically at the 
Jonference were: as electrodes in both oelectro- 
chemical furnaces (used, for example, in aluminium 
production) and in melting furnaces; as moulds, 
crucibles and dies in metallurgical processes ; in the 
construction of chemical plant to withstand either 
high temperatures or corrosive conditions ; as carbon 
brushes for electrical machines; as dry bearings ; 
as electrical resistors both in the electronics industry 
and in heavier electrical applications ; and finally as 
&@ moderator in nuclear piles. 

Industrial carbon and graphite differ from natural 
graphite in many important respects, most of which 
were referred to during the Conference. These 
differences are structural rather than chemical in 
origin, and are associated with features ranging from 
variations in the crystal lattice of sub-microscopic 
regions of the material, to heterogeneity on the 
microscopic and occasionally on the macroscopic 
scale which results inevitably from the method of 
manufacture. The properties of the final product 
depend on many factors, including the nature of the 
basic raw material, the way in which it is carbonized, 
the method of grinding, the size distribution and the 
shape of the grist particles, the nature of the binding 
agent and the amount used, the method of forming 
the product (pressing or extrusion), the conditions of 
the second carbonization and finally the temperature 


of graphitization and the atmosphere in which it is 
carried out. These factors often interact with one 
another, so that the problem of understanding the 
nature and properties of a given industrial carbon or 
graphite in relation to its method of preparation is 
exceedingly complex, and in the absence of a funda- 
mental understanding, a substantial body of empirical 
technique has been built up in the industry. The 
papers presented to the Conference show, however, 
that real attempts are being made to rationalize 
knowledge of the fundamental processes, and to 
relate this knowledge to the properties of the 
final product by the correlation of information 
derived from a wide range of experimental 
methods. 

The property which reflects most directly the 
difference between artificial carbons and natural 
graphite is the bulk density: industrial materials 
rarely exceed a density of 1-75 gm./cm.*, whereas 
graphite has a density of 2-26 gm./cm.*. This 
difference arises from structural differences at all 
size-levels. It is generally presumed (although not 
definitely proved in all cases) that the basic structural 
unit of carbonized materials is the C,-ring, although 
the presence of some side-chains with free valencies 
is also assumed. Evidence for the presence of free 
radicals comes from electron-resonance studies 
(Ingram). These rings are fused together to form 
planar aggregates which may be complete or possess 
‘holes’ of various kinds. X-ray studies show that 
natural graphite consists of perfect planes of fused 
rings, arranged parallel to one another with a definite 
interlayer spacing, and with the orientation of each 
plane relative to its neighbour completely defined. 
The energies of the electronic configurations in the 
graphite structure are not yet calculable with high 
accuracy, and an attempt to obtain evidence about 
them by studying the reflectance of light of various 
wave-lengths by polished graphites was reported to 
the present Conference by Humphreys-Owen and 
Gilbert. Less-perfect structures of lower density 
occur when the relative orientation of the rings in 
adjacent planes is random, and the average distance 
between planes increases slightly : the structure is 
said to be ‘turbostratic’. Amorphous carbons have 
also been subjected to careful study by X-ray tech- 
niques, and it is concluded that they consist of 
graphite-like crystallites, the size of which may range 
from the order of ten angstrom units to several 
hundred, interspersed with turbostratic and possibly 
even more randomly arranged carbon. In addition, 
nearly all carbons have a characteristic porous 
structure consisting of cavities the dimensions of 
which may range from a few angstroms to tenths of 
a millimetre, and the shapes of which may vary 
widely. Each individual carbonized material has its 
own characteristic structure, while the industrial 
carbons under discussion consist of an intimate 
blending of two such structures, one arising from 
the primary coke and the other from decomposition 
of the binder. Some of the more important implica- 
tions of this two-component structure were brought 
out in Mrozowski’s general introduction to the 
Conference, which stressed not only the complexities 
of the microstructure of artificial carbons, but also 
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the analogy between 
powders. 

X-ray studies have formed the basis of many of 
the conclusions regarding the molecular structure of 
carbon and graphite, and a survey of diffraction 
methods (including neutron diffraction) was given 
by Bacon, while a rapid X-ray method for determining 
the preferred crystallographic orientation was de- 
scribed by Ali, Fitzer and Ragoss. Recent work on 
the structure of carbonized coals was reported by 
Diamond and Hirsch, while the carbonization pro- 
ducts of materials of known composition have been 
examined by Stadler and Thomson (single crystals 
of flavanthrone) and by Winslow, Matreyek and 
Yager (vinyl polymers). Further work on the pro- 
gress of graphitization at high temperatures, as 
revealed by X-ray studies, was reported by Maire and 
Mering, and by Steward and H. W. Davidson. Corre- 
lation is found by Adamson and Blayden between the 
size of the graphite crystals and the magnetic suscept- 
ibility, and these authors used the latter property to 
study the dependence of crystallite size on starting 
material and thermal treatment. Other properties 
which are closely related to the structure of carbons 
are the thermal and electrical conductivities. They 
depend mainly on the size, orientation and density 
of the crystallites, but in different ways in various 
ranges of temperature. Consequently, measurements 
of thermal and electrical conductivity over a wide 
temperature-range are important (Berman ; Powell ; 
Albert and Parisot ; Mason), especially when associ- 
ated with X-ray studies (Bowman, Krumhansl and 
Meers). The porosity of carbons is a property which 
in some applications is desirable and for many others 
undesirable. Reliable methods for assessing the total 
porosity and its distribution in terms of the size of 
cavities are therefore important. Bond and Spencer 
reviewed methods developed at the British Coal 
Utilization Research Association for studying the 
ultra-fine structure of coals and carbonized coals, 
while Academician Dubinin surveyed Russian work 
on the correlation of adsorptive properties with 
porous structure. A paper by Cadenhead and Everett 
was concerned with the elucidation of the porous 
structure of carbons by a study of the thermodynamics 
of adsorption processes. Gas permeability methods 
are widely used for assessing porosity, although the 
fundamental theory of the method is far from satis- 
factory. Papers by Wiggs and by Hutcheon, Long- 
staff and Warner discussed both the theory and the 
interpretation of experimental results on industrial 
graphites. 

The major part of the porosity of an industrial 
carbon is associated with the secondary coke formed 
by decomposition of the binder. Consequently, it is 
desirable to use the minimum amount of binder. 
The grist aggregate must therefore have a minimum 
of inter-particle voids, and optimum packing is 
achieved by blending different particle sizes in the 
grist. The shape as well as the size of grist particles 
is also important, and this has been studied by 
Amstein and Watson. Furthermore, extruded carbons 
are anisotropic and this is in part controlled by the 
particle shape (Grossman). The choice of suitable 
binder is of great importance, and several papers 
(Darney ; McNeil and Wood; Blakeley and Earp ; 
Lessing) were devoted to this problem. A systematic 
investigation of the variation of the properties of 
carbons, in particular mechanical strength and elec- 
trical resistivity, with amount of binder and with the 
composition of the grist, was reported by Fialkov. 
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The manufacture of electrodes having long life is 
important economically, both in the production of 
aluminium and in electro-melting: half a ton of 
carbon is consumed for each ton of aluminium pro- 
duced, while 15 per cent of the cost of converting 
scrap steel to ingots arises from electrode wear. Two 
problems in the production of electrodes for alum- 
inium cells were discussed. The first is concerned 
with the cracking of electrodes during baking, which 
causes uneven current distribution. According to 
Pratt, this arises from shrinkage of the grist during 
the second carbonization, and he has studied the 
shrinkage of cokes at 1,000° C.; this is shown to be 
related to the hydrogen content of the coke. Dis- 
integration of the electrode surface, arising from 
preferential oxidation of one component of the 
carbon, also makes an important contribution to 
electrode wear, and Bowitz, Béckman, Jahr and 
Sandberg attribute this to the greater porosity and 
reactivity of the coked binder. The mechanism of 
electrode consumption in melting furnaces is not 
clearly understood, and the work of Ravenscroft and 
Preston on the distribution of electrode wear at 
different points on the surface as a function of 
electrode current and voltage provides some basic 
information about the phenomenon. 

Problems of electrode life, as well as many indus- 
trial applications of carbon, depend upon the reactivity 
of carbons towards oxidizing gases. A fundamental 
study by J. D. Watt and Franklin in which changes 
of structure arising from oxidation were studied by 
X-ray methods suggests that the most reactive part 
of a porous carbon structure consists of single, 
unstacked, graphite layers which can adsorb oxygen 
on both faces. The kinetics of reaction of carbon 
with various gases continues to be studied, and a 
number of recent researches were reported (Graham, 
A. R. G. Brown, Hall and W. Watt; Earp and Hill ; 
Walker and Nichols; Day, Walker and Wright) ; 
particular emphasis is now being placed on measure- 
ments at high temperatures (1,500-2,500° C.) and 
at high rates of gas flow. The effect of surface 
oxides on the reactivity of carbon was the 
subject of a paper by Harker, Marsh and Wynne- 
Jones. 

In the electrical industry great importance is 
attached both to the electrical conductivity of carbon, 
and to-the contact resistance at carbon-carbon and 
carbon—metal interfaces. A review of developments in 
applications of carbon to current-collection was given 
by Vaughan, with particular reference to behaviour 
under high-altitude conditions, where, in the absence 
of water vapour, the friction between brush and metal 
commutator increases and rapid wear ensues. Experi- 
mental studies of the electrical properties of sliding 
contacts at low gas-pressures were described by 
Millet. In these applications metallized types of 
graphite are often employed, and details of the pro- 
duction of copper-graphite materials were given by 
Beech and Price. The contact resistance at carbon— 
carbon surfaces, and its dependence on load, is 
important both in,high-duty variable carbon-plate 
resistances and in carbon microphones. The former 
application was discussed by Knowles, while measure- 
ments of the electrical characteristics of microphone 
carbon as a function of frequency were reported by 
Fairweather, Frost and Shirley. Blanchard presented 
results on the electrical conductivity characteristics 
of a wide range of compressed carbon blacks, in 
particular in relation to their dependence on heat 
treatment, while Dawson and White reported on the 
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properties of resistors made from various carbon 
blacks bonded with resins. 

Methods of preparing dense, unreactive carbon are 
of great importance. If successful, they would find 
application both in bulk form and as surface coatings 
for less dense material. Recent work (A. R. G. Brown 
and W. Watt) shows that dense impervious material 
is produced by the thermal decomposition of hydro- 
carbons at a hot surface (1,600—2,100° C.), and surface 
coatings of this kind enhance the chemical resistance 
of more reactive graphites. The kinetics of deposition 
of carbon films from benzene and toluene vapour 
carried by a stream of helium in a rather lower tem- 
perature range (850-950° C.) have been studied by 
Kinney and Murphy. 

Carbons as normally prepared may contain, besides 
small amounts of trace elements, a substantial 
amount of hydrogen, oxygen, nitrogen and sulphur. 
These elements may have an important influence on 
the structure, and Riley, Baraniecki and, Streeter 
reviewed the properties of these ‘heterocarbons’, 
The particular case of graphitic oxide has been 
studied extensively in the past thirty years: 
the present position was reviewed by de Boer 
and van Doorn in the light of their more recent 
work. 

Considerable emphasis was placed on industrial 
carbon as @ constructional material. Reviews of its 
applications in various industries were contributed 
by Lyddon and Hurden (mechanical engineering) ; 
K. F. Anderson (chemical engineering); H. D. 
Anderson and Ward (chemical plant) ; Hilliard (heat 
exchangers); Haines (high-temperature furnaces) ; 
G. E. Ross and D. W. Brown (metallurgy) ; Lakin and 
Mackenzie (blast-furnace linings). The mechanical 
properties relevant to these applications were dis- 
cussed by H. W. Davidson, Losty and A. M. Ross, and 
by Arragon and Berthier, while methods of non- 
destructive testing were outlined by T. D. Davidson. 

The most important new field of application of 
industrial graphite is in nuclear-power plant, where 
to the desirable properties of high density, low 
reactivity and mechanical strength, must be added 
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the over-riding requirement of high purity. Dis- 
cussions of this application and of the required 
properties were contributed by McIntosh, Heal and 
Cowan; Lockett; and McIntosh, O’Driscoll and 
Tyzack. Special attention has to be paid to the 
effects of high temperatures and of neutron irradia- 
tion, and papers by Hove and by Simmons were 
concerned with these problems. In studying the 
suitability of various raw materials and manufac- 
turing procedures for nuclear-graphite production, 
large-scale experimental plant is needed, and that 
recently constructed at Harwell was described by 
Price and Yeats. The problems arising in the 
manufacture of nuclear graphite were discussed by 
Cornault and Rochettes. High purity may in prin- 
ciple be attained either by using very pure raw 
materials, by the purification of ordinary graphite 
or by purification in the course of the final graphit- 
ization. The latter method is that actually chosen, 
and a study of the purification of graphite by treat- 
ment with gaseous chlorine or a chlorofluorohydro- 
carbon during graphitization was the subject of a 
paper by Odening and Bowman. The resultant 
purity depends on the permeability of the carbon : 
the high density and low porosity desirable in graphite 
for use as @ moderator may not be compatible with 
gas-purification methods. Methods of estimating the 
purity of reactor graphite were mentioned in several 
papers—the usual method being to compare the 
effect of different graphites on the time required for 
the reactor to become critical ; detection and estima- 
tion of rare earths by the radioactivation technique 
and a study of the changes of rare earth content in 
the course of graphite manufacture was described by 
Decour, Leveque, Hering and Jouquet. The altera- 
tion of properties brought about by purification was 
discussed by Baroin. 

During the period of the Conference an exhibition 
of industrial carbon and graphite was held in the 
Department of Chemical Engineering, University 
College, London; and this, together with several 
social functions, contributed to the success of the 
Conference. D. H. Everett 


SAFETY IN MINES RESEARCH 


HE scope of the Safety in Mines Research 
Advisory Board was widened early in 1956 when 
the Board was re-appointed, with Prof. R.. V. Jones as 
chairman, and given new terms of reference which 
ask the Board ‘“‘to keep under review and advise the 
Minister of Power on the general scope, organization 
and progress of research work on safety in mines’. 
Until then the scope had been restricted to the 
Ministry’s research work on the subject. It is appro- 
priate, therefore, for the thirty-fifth annual report on 
safety in mines research (London: H.M. Stationery 
Office, 1958) to include a short account of the ninth 
international conference of directors of safety in 
mines research and to give in appendixes not only 
synopses of recent publications of the Safety in Mines 
Research Establishment, but also a list of papers 
presented by all the delegates to the ninth inter- 
national conference. 
The report, however, is essentially a report of the 
work of the Safety in Mines Research Establishment 
for the year 1956. During the year the move to new 





premises, in Broad Street, Sheffield, housing the 
engineering sections and much of the Technical 
Information Service Department, was begun. It is 
significant that the acute problem of accommodation 
has resulted “as much from increasing the strength 
of research teams to the necessary extent, as from the 
increasing complexity of the work’”’. As the director 
of the Establishment, Mr. H. T. Ramsay, remarks in 
his introduction to the report, ‘Mining research has 
been in progress for a long time and the easier answers 
have usually been found ; real advances against the 
remaining hazards will only be made by a.penetrating 
study of their mechanisms and, so far from becoming 
easier, one may expect the Establishment’s work to 
become more difficult”. 

Most of the report is concerned with the research 
of the Establishment into the hazards of mining. 
There are eight main sections, namely, explosives and 
blasting devices, the explosion hazard, breathing 
apparatus, fire hazard, engineering and metallurgical 
research, dust control and pneumoconiosis hazard, 
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miscellaneous, and testing services. The wide scope 
of the work of the establishment is illustrated by the 
fact that within the eight main sections there are 
nearly a hundred sub-sections dealing with. such 
widely different topics as pulsed infusion of coal, 
ignition of gases by sparks of various origins, fighting 
roadway fires with foam-plugs, atomic hydrogen 
welding of wrought iron, catalytic oxidation of 
exhaust gases of Diesel locomotives, deposition and 
dispersion of respirable dust, automatic assessment of 
miners’ pneumoconiosis from chest radiographs, 
safety helmets and factors affecting the movement 
and control of rats in drift mines. 

It is not easy to select from the necessarily highly 
condensed accounts of investigations included in the 
report examples which illustrate adequately the 
scope and quality of the work of the Establishment ; 
accordingly, the largest sections, those devoted to 
the explosion hazard and to engineering and metallur- 
gical research, are selected for mention. The report 
points out that, during the decade 1946-55, there was 
a marked decrease in the number of casualties 
from explosions in mines in Great Britain, due not to 
any great reduction in the number of gas ignitions 
but to reduced severity of the explosions as measured 
by the number of casualties. This improvement may 
well be due to improved mine ventilation and gas 
control, with consequent reduction in the size of 
accumulations of gas available for inflammation. 
It is felt by the Establishment that current research 
on the causes of ignition of gas in mines should be 
supplemented by research on the movement of fire- 
damp in mines and on thé dispersal of accumulations 
of gas. Coal-dust explosions in mines are generally 
initiated by explosions of methane, so that attention 
continues to be directed towards the ignition of 
methane, particularly by frictional sparking such as 
may occur when certain light alloys strike rusty steel, 
or from steel chock releases, or from auger mining, 
or from rocks during drilling. 

So far as coal-dust explosions are concerned, the 
report includes work on binding of coal dust by dilute 
solutions of adhesive and by aerosols, and work in 
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BIOLOGISTS IN 


N July 5 a meeting was arranged by the Institute 

of Biology to discuss the professional problems 

of biologists serving overseas. A report of the meeting 
has been published in the Institute’s Journal (4, 
No. 4; 1957). The meeting was opened by Dr. 
Kenneth Mellanby, lately principal of the University 
College, Ibadan, Nigeria, who said that many of the 
economic problems of tropical territories could only 
be solved by biologists, for whom there are an immense 
number of fascinating and important problems 
waiting to be tackled. So far, there has been very 
little serious biological research in any part of the 
tropics. Hard-pressed government officials in a 
number of territories have done much fine work, but 
shortages of staff and the constant preoccupation 
with ad hoc measures have meant that the funda- 
mental work on which practical measures should be 
based has not been tackled. At times, the need for 
such fundamental work has not even been realized ; 
in Nigeria the belief was that there was no need for 
any work on cocoa and its pests because this was all 
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the Establishment’s explosion gallery at Buxton on 
the propagation and prevention of propagation of a 
coal-dust explosion. The work in the gallery includes 
an investigation on the dispersion of dust by, and in, 
the blast from an explosion. An interesting part of 
that section on explosions deals with the application 
of gas chromatography followed by a hot-wire detector 
(or for some purposes an infra-red analyser) for 
analysis of mine atmospheres, natural gases from 
boreholes in coal and ironstone mines, fire products 
and Diesel exhausts. 

The section on engineering and metallurgical re- 
search shows that light-weight roof-bars were studied 
during 1956 especially in respect of their stability 
in temporary support systems at roadheads. Atten- 
tion was given to the development of convenient and 
rapid non-destructive methods for checking the 
soundness of welds in chain links, of particular 
importance, for example, in cage suspensions. Several 
failures in ropes and components of couplings and 
draw gear were examined, and as a result theoretical 
and experimental work was begun to find improve- 
ments in design or in choice of material; photo- 
elastic methods are being used increasingly in this 
work. Mining gear may be subjected to corrosion 
arising from, for example, moist salt spread in mines 
to bind dust, from acid pit-water, or from the reaction 
products between salt and acid pit-wate~. The 
effects of potentially corrosive materials on mining 
gear, including wire ropes, were examined during 
the year and the influence of certain inhibitors was 
investigated. 

As mentioned above, it is not easy to deal ade- 
quately in this short notice with the wide variety of 
work summarized in the report. The report will be 
read, as the earlier reports of the Establishment 
have been, with real interest by those connected with 
the mining industry. It can be recommended, also, 
to those who are not connected with the mining 
industry, not only because of the wide range of 
problems receiving attention but also because several 
of the problems are similar to those found in other 
industries. S. G. Warp 


THE ‘TROPICS 


covered by the work of the Cocoa Research Station 
in Ghana. There are many more entomologists in 
Britain studying the wheat bulb fly than there are in 
West Africa concerned with the pests of cocoa, the main- 
stay of the economy of Ghana and Western Nigeria. 

Dr. E. E. Weatherly, who some years ago worked 
as a botanist in the Department of Agriculture, 
Uganda, indicated that there could be no better 
experience for a biologist of Ph.D. level than that of 
spending a few years of research in a tropical country. 
The major professional difficulty in working in 
tropical parts is that of isolation. First, there is 
isolation from libraries. To a scientist the library 
comes second only to the laboratory, but a library is 
more difficult and expensive to equip and maintain 
than a laboratory. This difficulty is inherent in 
spreading out research over isolated and remote 
stations, for even reasonably useful libraries simply 
cannot be maintained at such centres. 

Next to the absence of books comes the absence 
of professional colleagues. Except for the very few, 
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discussion of work with others in the same or related 
fields is a vital stimulus to progress. Fow specialists 
in the tropics can expect such contacts. 

Professional isolation has a secondary effect: it 
can lead only too easily to professional oblivion. 
The young man overseas, having no opportunity 
for the self-advertisement provided by conferences 
and meetings, remains unknown to those of his seniors 
who might help promote his professional interests. 

The greatest problem of all who serve overseas, 
according to Dr. Weatherly, is education of children. 
It looms even larger than the purely professional 
problems, but it inevitably leads to a vital question 
which is professional in nature. This is the question 
of length of service. In view of professional and 
family difficulties, the ideal arrangements would 
seem to be five, ten or even fifteen years of service, 
with the opportunity of a return to the United 
Kingdom when professional or family circumstances 
demand. 

The not-so-young biologist who wishes to resign is 
confronted with the problem of obtaining a post in 
the United Kingdom ; for this the specialist is better 
placed than his administrative colleagues. A general 
agricultural officer is unfit for a return to Britain in 
proportion to the length of his service. His intimate 
knowledge of the agriculture, people and climate of 
an area in Africa is not likely to impress a committee 
of the Ministry of Agriculture in Britain, or a com- 
mercial firm wanting a farm manager. 

The difficulties of the biologist research officers 
wishing to return to the United Kingdom are con- 
siderable. For a man who obtains a Colonial Office 
scholarship immediately after his first degree, the 
possibility of obtaining a higher degree is precluded. 
In any event, the type of work carried out in a 
government department might not be suitable for 
submission as a thesis. Moreover, his work, although 
very valuable to his employers and perhaps very 
valuable as experience to himself, may have led to 
little publication except in local reports or journals. 
Then there is the disadvantage of physical remote- 
ness. The head of a department receiving applications 
for a post is likely to view one from overseas less 
favourably than others. Nor can the attitude which 
many senior biologists have to work overseas be 
precluded. In most branches of biology, tropical 
experience is not at a premium—it is often regarded 
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as an improper and largely irrelevant version of 
experience gained in the United Kingdom. 

This misconception is rendered possible by the 
fact that so many senior biologists themselves have 
never visited, or worked in, the tropics and are in 
no position to assess the value of tropical experience. 
Many biologists who have spent some years of suc- 
cessful research in the tropics might reasonably look 
forward to a biological post in one of the universities 
in the United Kingdom, but the pattern of university 
recruitment to-day makes their chances very slender. 
University teaching has become a profession which 
may be entered at the bottom, occasionally at the 
top, but very seldom in the middle. 

Finally, there is the problem with which a univer- 
sity tutor is faced in advising students whether to 
take up tropical work. Is a young man to-day well 
advised to enter a field of work which seems to be 
contracting ? Self-government in overseas territories 
and the increasing education of Africans and other 
peoples up to university-level must inevitably mean 
fewer posts for Europeans. This would seem to point 
to scientific careers in the tropics being in many 
cases rather short, at all events much shorter than 
thirty years. 

Guarantees of security for young men who wish to 
venture overseas are essential. As biologists they are 
taking great professional risks and their interests 
should be safeguarded. Such safeguards are expressed 
by the Colonial Office in “Reorganization of the 
Colonial Service, 1954”* as follows: “They will be 
given adequate notice of any intention to terminate 
their employment in consequence of constitutional 
changes, and Her Majesty’s Government in the 
United Kingdom will endeavour to find them 
alternative employment should they so desire”. The 
word ‘endeavour’ should be replaced by ‘undertake’. 

Other contributions to this important meeting were 
made by D. Rhind, Secretary for Colonial Agricultural 
Research, who talked about biological research in 
Colonial territories ; Prof. A. H. Bunting, who con- 
sidered the problems of biologists in the transition of 
Colonial countries to independence; Prof. G. F. 
Asprey, who examined the problems of biologists in 
university colleges overseas, and Prof. R. D. Purchon, 
of the University of Malaya, who was particularly 
concerned with the problems of his own university. 


* Colonial No. 306. (London: H.M. Stationery Office.) 


TRADE WASTES 


A* a@ result of public demand for the abatement 
of pollution of rivers, the River Boards Act, 
1948, and the Rivers (Prevention of Pollution) Act, 
1951, all those concerned with the disposal of 
polluting liquids, and particularly industrialists and 
local authorities, have found it necessary in recent 
years to give serious consideration to the develop- 
ment of efficient methods of treating such liquids to 
reduce their polluting character. During the past 
three years, several symposia on industrial effluents 
have been held in Britain, and a report has been 
issued* on the proceedings of a successful and 


’ Symposium on: Trade Wastes held at the University of Birming- 
am. . 167. (London: Joint Secretaries, Institute of Sewage 
Purification, 1957.) 10s. 





well-attended symposium held by the Midland 
Branch of the Institute of Sewage Purification at the 
University of Birmingham on April 9, 1957. The 
chairman was Dr. A. Key, senior chemical inspector, 
Ministry of Housing and Local Government, and the 
proceedings were opened by Alderman A. Paddon 
Smith, chairman of the Birmingham Tame and Rea 
District Drainage Board. The papers presented dealt 
with the problems concerned with acceptance of 
trade effluents into public sewers, the obligations 
imposed on local authorities and traders by the 
rivers pollution prevention Acts, and methods of 
treatment of particular waste waters. 

Mr. M. A. Kershaw, in a paper on the first of these 
subjects, makes the point that one of the effects of 
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industrial expansion is the aggravated pollution 
problem occasioned by increased volumes of trade 
effluent, frequently of a highly complex character. 
He accepts the view that trade effluents are best 
disposed of by discharge to the public sewers, pro- 
vided that treatment is applied to the effluents so 
that they will not damage the sewers, or cause danger 
to workmen, or interfere with the processes of puri- 
fication of sewage. Methods of removing constituents 
most likely to cause difficulty are outlined, and an 
organized system of trade effluent inspection and 
control operated by the local authority is advocated 
to ensure co-operation between the authority and 
manufacturers. 

Dealing with the obligations imposed by the 
pollution prevention Acts, Mr. M. Lovett directs 
attention to the fact that, although during the 
interim period of seven years after the passing of the 
1951 Act a river board may not, without the consent 
of the Minister of Housing and Local Government, 
institute legal proceedings against a person who 
“causes or knowingly permits to enter a stream any 
poisonous, noxious or polluting matter’’, the consent 
of the Minister is not required for proceedings against 
an offender who fails to comply with valid conditions 
of consent relating to a new discharge. A new feature 
which is referred to is that river boards may now 
‘apprehend’ that a contravention of the Act is likely 
to occur as a result of a proposed use of a stream, 
and, subject to the consent of the Minister during 
the interim period, may obtain an order prohibiting 
the use complained of. The author, however, 
emphasizes that river boards are much more anxious 
to abate pollution than to institute legal pro- 
ceedings. 

In four of the five examples of methods of treat- 
ment of industrial organic wastes brought together 
by Dr. D. H. Sharp, biological oxidation forms the 
final stage, after preliminary chemical and physical 
treatment to remove substances which would other- 
wise interfere with biological action. Perhaps the 
most interesting of these preliminary treatments is 
that applied to the waste water from the manufacture 
of pesticides. These contain bactericidal and toxic 
compounds which are removed partly by adsorption 
on activated charcoal and partly by chemical pre- 
cipitation before the neutralized and diluted waste is 
applied to percolating filters. 

The paper on acid wastes by Dr. 8S. H. Jenkins and 
Mr. C. H. Hewitt is of particular interest in the 
Birmingham district, where a great deal of metal 
working is done, with consequent discharge of acid 
liquors and washings from preliminary pickling of the 
metal. Examples of acid discharges are quoted which 
reduced the pH value of sewage reaching a treatment 
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works to less than 3 for several hours. At this degree 
of acidity damage to the sewer occurs, the conversion 
of urea to ammonia is inhibited, and there is serious 
depression of the biological activity on which puri- 
fication of sewage depends. Neutralization of acid 
di is therefore essential, and the authors 
describe (with illustrations) a range of neutralization 
plants of different sizes and designs. 

Discharge of electro-plating wastes is also very 
common in the Midlands, and in a paper on treatment 
of these liquids Mr. A. E. J. Pettet stresses the need 
to consider conservation of water and chemicals in 
the plating shop before treatment of wastes unavoid- 
ably discharged is undertaken. Chemical methods of 
oxidation, reduction or precipitation are usually used 
for treatment, but cyanides can be destroyed bio- 
logically. Waste chromic acid anodizing solutions 
can be regenerated for re-use by means of recently 
developed ion-exchange resins resistant to the action 
of this acid. 

The disposal of gas works effluents, dealt with by 
Mr. W. T. Lockett, is a problem of national concern, 
and investigators in the Midlands are particularly 
active in seeking a solution. The author traces the 
changing nature of the problem from the time when 
horizontal gas retorts were in use, ammonia was 
worth recovering from the liquor, and each gas works 
served a restricted area, to the present day when 
vertical retorts are most commonly used, ammonia 
can be recovered only at a loss, and small gas works 
are being superseded by centralized works serving 
large areas. Investigations fifty years ago showed 
that gas liquor could be treated biologically, the 
researches of the Institution of Gas Engineers dur- 
ing 1928-37 defined the conditions under which gas 
liquor could be satisfactorily treated when mixed 
with sewage, and revealed that certain changes in 
the operation of gas works could make treatment 
easier, and present-day researches are concerned with 
both chemical and high-rate biological methods of 
treatment. 

Much discussion, reported in a separate booklet, 
centred around the mode of application of the 1937, 
1948 and 1951 Acts and the cost to manufacturers 
and local authorities of treating industrial effluents. 
It was urged that by alteration of processes and by 
using conservation methods within factories, water 
and valuable materials could be saved and the cost and 
difficulty of treatment could be much reduced. Among 
examples quoted were that in one factory waste 
sulphonation acid was reconcentrated to give a crude 
but saleable product, and that in another small 
factory 10,000 gallons of water were saved a day 
by alteration of process and by introduction of & 
re-circulatory water system. A. E. J. Perrer 


BASIC RESEARCH IN THE UNITED STATES 


ETAILS of expenditure on basic research in the 

United States are given in various surveys pub- 
lished by the National Science Foundation, but the 
report ‘Basic Research—A National Resource’’, 
recently issued by the Foundation, is more in the 
lineage of Vannevar Bush’s “Science—The Endless 
Frontier” and the Steelman report, “Science and 
Public Policy”. It attempts to convey to the general 
citizen the meaning of basic scientific research and 
its bearing on the national economy, welfare and 





security. The growth of basic research in the United 
States is briefly described in a chapter which illus- 
trates some of the possibilities implicit to-day in 
virus research, in translation by electronic methods 
and in the study of other problems of social com- 
munication in leadership. After a brief reference to 
some unsolved problems, the following chapter 
outlines the present position of basic research 
in the United States, both in scale and in 
organization, while in the final chapter the strength- 
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ening of basic research is discussed and various 
suggestions listed in the general summary are 
amplified. 

Stress is laid upon the establishment of more 
favourable conditions for its continued growth, 
including an increasing awareness on the part of the 
public of the methods, aims and significance—cul- 
tural as well as material—of basic research, as well 
as upon increased financial support. A more active 
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participation by private industry is particularly 
urged as well as reduction in the amount of develop- 
ment work in universities and colleges under contract 
with Government agencies. Although in general 
terms the report contains little that is not to be 
found in the Barlow and other reports in Great 
Britain, it presents the case for basic research in 
cogent terms that are equally applicable in Britain 
and elsewhere. 


VoL. 181 





ORIGIN OF CHONDRULES IN METEORITIC STONES 
By Dr. L. J. SPENCER, C.B.E., F.R.S. 


HE chondrules (yév8Spoc, a grain) in meteoritic 

stones are quite distinct from the spherulites in 
terrestrial volcanic rocks and from the ooliths and 
sand grains in sedimentary rocks. They occur in 
chondrites (chondritic meteoritic stones); other 
rarer meteoritic stones in which they are not present 
are classed as achondrites. They are usually quite 
small (1-3 mm.), about the size of millet seed, usually 
spherical, and are embedded in a finely brecciated 
matrix of the same materials (olivine, pyroxene, 
felspar, glass, nickel-iron, etc.) of which they them- 
selves are composed. 

Their mode of origin has long been a puzzle, giving 
rise to much speculation. In recent reviews! of the 
various hypotheses, mention has been made, but with 
little support, of an early suggestion by H. C. Sorby? 
of glassy globules of ‘fiery rain’. This mention of 
‘fiery rain’ calls to mind the findings at the meteorite 
craters of Wabar in Arabia’. 

Mr. H. 8t.J. B. Philby’s expedition in 1932, with 
eighteen Arabs and thirty-two camels wandering 
in the desert for three months, had the object 
of finding the legendary city of Wabar, supposed to 
have been ‘‘destroyed by fire from heaven’. Two 
meteorite craters were found, and there were in- 
dications of others buried beneath the desert sand ; 
their walls are formed of cindery blocks and bombs 
of silica glass. Nearby, pieces of meteoritic iron were 
collected, the largest weighing 25 Ib. ; but a mass of 
iron as “big as a camel” could not be found. The 
locality is known to the Arabs as Al Hadida (place 
of the iron). Scattered around were numerous 
shining black pellets. These were thought by the 
Arabs to be pearls, blackened by the fire, that had 
been worn by the ladies of the court of the wicked 
king ’Ad ibn Kin’ad. With a lust for wealth, the 
Arabs filled the camel saddle-bags with these ‘pearls’, 
but on the return to Mecca they were rejected by 
the dealers and thrown away. Fortunately, a 
few were preserved in Mr. Philby’s collection. 
These consist of a vesicular white silica-glass (SiO,, 
92-88 per cent), coated outside with a lustrous black 
glass (S8iO,, 87-45 per cent), with some iron and 
nickel. 

Larger blocks or bombs show in some cases a 
corrugated surface resembling ropy lava, and 
covered with minute pimples, which perhaps represent 
dew-drops of silica. Broken surfaces show a breccia 
of white, grey, and black glass with a few shattered 
grains of quartz, and many round bubbles varying 
widely in size, Thin sections under the microscope 

show in addition large numbers of minute black 
specks. These specks I had at first assumed to be 
small holes filled with the grinding and polishing 





materials used in the preparation of the sections, 
But Dr. Leonard Hawkes, when he crushed a frag- 
ment of the glass on a microscope slide, saw minute 
metallic spheres rolling about. A piece of the glass 
crushed (not ground) in an agate mortar yielded a 
powder from which a magnetic needle picked up 
bunches of bright spheres by the thousands. These 
range from 0-1 to 0-0005 mm. in diameter. Two 
counts of the black dots over areas of a square 
millimetre on the thin sections gave estimates of 
one and two million in a cubic centimetre of the glass. 

In a solution of copper sulphate the spheres become 
coated with copper. Analyses gave: Fe 91-2, 
Ni 8-8 per cent; Fe: Ni = 10-4, as compared with 
12-6 in the meteorite. X-ray examination by Dr. 
F. A. Bannister showed the material to be body- 
centred cubic a-iron. Metallographic examination 
by Dr. J. M. Robertson showed that the smaller 
spheres consist of a single crystal, while larger ones 
consist of several crystals with inclusions (probably 
silica-glass) between the irregular boundaries of the 

ins. 

At Wabar there evidently was a shower of large 
masses of meteoritic iron. The sudden transforma- 
tion of the kinetic energy into heat gave rise to violent 
explosions, and broken fragments of iron were 
ejected from the craters. The Earth’s atmosphere 
was blasted aside by vapours of iron and nickel, and 
of silica (from the desert sand). Temperatures were 
far in excess of : 


Nickel Iron Silica 

(°C.) (°C.) (°C.) 
Melting point 1,452 1,535 2,900 
Boiling point 2,900 3,200 3,500? 


A rain, or rather drizzle, of globules of molten 
nickel-iron and silica fell into pools of boiling silica. 
Conditions such as these, with some variations, 
would seem to be quite suitable for the formation of 
chondrites. 

A shower of hail-stones into a mush of broken 
snowflakes (both grown from water-vapour) would 
produce a somewhat similar structure. Curious 
hail-stones fell at Menabilly in Cornwall on October 20, 
1791. One of them, weighing nearly one ounce, was 
sketched by Philip Rashleigh and a glass model was 
made. Enclosed in clear ice were four white 
spherical hail-stones of the usual kind‘. This is 
perhaps another example of chondritic structure. 

At other meteorite craters different conditions have 
prevailed. The Tunguska meteorite of 1908 in central 
Siberia appears to have been entirely vaporized, and 
only quite recently have traces of meteoritic material 
been detected in soil samples’. The Meteor Crater in 
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Arizona shows silica-glass, and from the soil of the 
surrounding country globules of nickel-iron have been 
collected with a magnetic rake. Magnetic globules 
have also been collected from the soil at the place of 
fall in 1947 of a large shower of iron meteorites in 
the Sikhote-Alin Mountains in eastern Siberia; but 
here they represent drops of molten material swept 
from the surface during passage through the Earth’s 
atmosphere. When steel plates are cut with the 
oxy-acetylene blowpipe, showers of sparks fall to the 
ground as minute globules of magnetite, and quanti- 
ties can be separated from floor sweepings. 

The bright streaks radiating from some of the larger 
craters on the Moon probably consist of myriads of 
tiny spheres of nickel-iron from the vaporization of 
iron meteorites’. 

According to Bode’s law (1772) on the relative 
distances of the planets from the Sun, there is one 
missing between Mars and Jupiter. How this cata- 
strophe happened will never be known. However, it 
seems safe to assume that the asteroids between 
Mars and Jupiter are fragments of the missing planet. 
The largest, Ceres, 480 miles in diameter, was the 
first to be discovered in 1801; other large ones are 
Pallas (306 miles), Vesta (241), and Juno (121) ; 
others, amounting to more than 1,500, are much 
smaller, and no doubt fragments are plentiful. All 
these exert mutual attractions, and their orbits have 
a high degree of eccentricity, overlapping one 
another and even the orbit of the Earth. From the 
trajectory of the Sikhote-Alin meteorite of 1947, its 
orbit has been calculated to embrace the zone of 
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asteroids’. Under such conditions, there are good 
chances for frequent and violent collisions, resulting 
in further breaking up, brecciation, melting, vaporiza- 
tion, and rearrangement of materials—just as hap- 
pened, on a much smaller scale, at Wabar. 

Sorby (loc. cit.) pointed out that when a fused 
globule (for example, a blowpipe bead) cools, crystal- 
lization starts from the exterior. This is how chon- 
drules have crystallized, and is in complete contrast 
with the growth of spherulites, where crystallization 
has proceeded radially outwards from a central 
nucleus; and of ooliths and pisolites with a 
concentric structure. 

The striking pictures of radiating eccentric chon- 
drules are fully displayed only when the section plane 
passes through the centre of the sphere and the 
point where crystallization commenced on the rim. 
Other section planes perpendicular to this direction 
may display a barred structure, and sections in other 
directions will show different patterns. 


* Smith, W. Campbell, Ad». Sci., 7, 143 (1950) ; Nature, 166, 378 (1950). 
Urey, H. ©., Geochim. Acta, 4, 72 (1953). Roy, Ss K., Fieldiana, 
Geol.’ Chicago, 10, 888 (1987) 

® Sorby, H. C., Nature, 15, 495 (1877); Proc. Roy. Soc., 18, 323 (1864). 

* Philby, H. St.J. B., Geogr. J., 81, 1 (19383); “The Empty Quarter’ 
(London, 1933). Spencer, L. J., with chemical analyses by Hey, 
M. H., Mineral. Mag., 23, 387 (1933). 

‘ King, E., “Stones said to have Fallen from the Clouds” (London 
1796); also included is a contemporary account of the fall of 
a stone [chondritic meteorite] weighing 56 Ib. at Wold Cottage, 
Yorkshire, on December 13, 1795, thought to have condensed 
from clouds of volcanic dust wafted from Mt. Hekla. 

5 Yavnel, A. A., Geokimiya, Acad. Sci. U.S.S.R., No. 6, 553 (1957). 

* Spencer, L. J., Nature, 189, 655 (1937). 

? Fesenkov, V. G., Meteoritika, Akad, Sci. U.S.S.R., No. 9,3, 27 (1951) ; 
(Mineralog. Abstr., 12, 252). 


INVOLVING 


EOSINOPHILS AND RETICULOENDOTHELIAL 
CELLS 


By Dr. ROBERT S. SPEIRS 
Department of Anatomy, State University of New York, College of Medicine, Brooklyn 


HERE have been many attempts to determine 

the precise cellular mechanisms involved in 
antibody formation. Although there is general 
agreement that cells common to the reticulo-endo- 
thelial, lymphoid and hematopoietic systems are 
involved, there has been a wide diversity of opinion 
as to the specific cell or cells in these systems capable 
of synthesizing the antibody. Plasma cells, lympho- 
cytes, macrophages and certain transitional cells have 
been proposed as cells capable of producing antibody 
(see reviews by Taliaferro! and McMaster’). 

The problem of determining the mechanism of 
antibody production has been complicated by the 
fact that the site of production varies, depending upon 
the manner in which the antigen was introduced into 
the host. Under various experimental conditions, 
local formation of antibody has been reported in the 
spleen, regional lymph nodes, bone marrow, thymus, 
omentum, skin, muscle, fat, etc. Once antibody 
synthesis has occurred in vivo, it is possible to con- 
tinue the production after transferring viable lym- 
phoid or exudative cells to other animals*-’ or by 
culturing the cells in vitro*-"*, However, initiation of 
antibody synthesis following the addition of antigen 
to cells in vitro has been very difficult or impossible 
to attain, suggesting that a primary in vivo step 





must be necessary. These and other experiments 
warrant the proposal that at least two steps are 
involved in antibody production'*-'*: (1) A primary 
step which consists of the reaction of certain cells 
with antigen, bringing about specific enzymatic 
changes or the formation of an enzymatic template. 
This step appears to be radio-sensitive and occurs “n 
vivo at the site of penetration of antigen into the 
organism. (2) The second stage consists of the 
utilization of the specific enzymes for the synthesis 
of antibody. This step can occur in vitro as well as 
in vivo, and appears to be somewhat radio-resistant. 
It occurs in the lymphoid or reticulo-endothelial 
tissues of the animal. It is quite possible that these 
two steps occur in two different cells. However, 
none of the present theories of antibody production 
gives a satisfactory explanation for the specificity, 
mobility and radio-sensitivity of the first step. There 
appears to be a missing link in the theories, and it is 
quite possible that some cell, heretofore not con- 
sidered by immunologists, is involved. 

Recent studies in our laboratory!?-** have indicated 
that there are three phases of local cellular response 
at the site of injection of a non-toxic antigen. The 
first phase, which lasts up to 48 hr., is characterized 
primarily by a neutrophilia and sometimes a tran- 








NATURE 

















INTRAPERITONEAL 
ALLENGING INJECTION 
° 
300,000+ | eon ee 
om" MONONUCLEAR CELLS nl 
} eo 
~ geiaee 
| 100,000 [ 7 
g 50 
,000 fF 4 
Dis | pitoo 
q 30,000 | is 
3 - 
a rrmiadg 
Bean 
° | 
*. 10,000 4 
: 5,000 4 
EACH POINT REPRESENTS AN 
| AVERAGE OSTAINED FROM 19 TO 
| 24 MICE. EXCEPT ON THE 13'* 
| WHEN THE AVERAGES OF 
j ‘| MICE WERE USEO 
sie gree TE errata te 
6 2 4 6 8 10 18 
Days after challenging injection 


Fig. 1. 


sitory eosinophilia. The second phase is charac- 
terized by a relatively large prolonged accumulation 
of eosinophils, reaching a peak on the fourth day 
after antigen injection. This phase occurs only in 
animals capable of rapid formation of large amounts 
of antibody and does not occur in passively immunized 
animals*'.**, The third phase is characterized by an 
increase in local histiocytes (mononuclear cells) and 
a stimulation of the draining lymph nodes. The 
time relationship of the second and third phases with 
the appearance of serum antibody is shown in Fig. 1. 

It may be seen that the accumulation of eosinophils 
precedes the appearance of serum antibody, otherwise 
the logarithmic increase in these cells is very similar 
to the logarithmic rise in antibody titres. Moreover, 
there appears to be a close correlation between the 
number of eosinophils responding to an injection of 
antigen, and the resulting serum antibody titres. 
Factors, such as large doses of cortisone or whole-body 
X-irradiation which inhibit antibody formation, also 
inhibit the accumulation of eosinophils*.**. Further- 
more, in irradiated animals which were allowed to 
recover before challenging, a prolonged local eosino- 
philia was observed that coincided with a prolongation 
of the time for peak serum antibody titres. Irra- 
diation appears to decrease the number of reticulo- 
endothelial cells capable of phagocytizing the eosino- 
phils and accounted for the slow rate of removal of 
these celis (unpublished results). Additional experi- 
ments have indicated that eosinophils do not contain 
measurable amounts of antibody, but as they are 
phagocytized after coming into contact with the 
antigen, there is a concomitant appearance of 
antibody in the blood serum. 

The preceding findings and other experiments have 
led us to believe that eosinophils are involved in the 
initiation of antibody synthesis****. I suggest the 
following working hypothesis: Antigen introduced 
into an organism produces two general types of 





Local cellular responses and serum antibody titres followi 
a challenging injection of tetanus toxoid in immunized mice (semi-log plot 
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cellular reactions. First there is a migration 
of granulocytic cells into the inflamed area. 
If the host has been previously exposed to 
the antigen, there is a specific eosinophil 
response at the site of injection and in the 
region of antigen fixation. The eosinophils 
are chemotactically attracted to the antigen 
and react with it, producing specific enzym- 
atic changes on or within the cell. The 
second step involves the phagocytosis of 
eosinophils by reticulo-endothelial cells and 
the utilization of the specific enzyme by 
these cells to form antibody. During and 
following the process of antibody formation, 
reticulo-endothelial cells undergo nuclear 
changes, increase their cytoplasmic baso- 
philia (pyroninophilia) and are known as 
plasma cells*.**. 

The chief merit of the above hypothesis 
is that it directs attention to the fact that 
granulocytic cells, such as the eosinophil, 
may take an important role in antibody 
formation. It would explain the repeated 
observations of the close association of 
eosinophils and plasma cells, and the role of 
these cells in immune reactions. Further- 
more, the hypothésis would explain why 
reticulo-endothelial cells are capable of con- 
tinuing antibody production in vitro, but 
are incapable of initiating it. The ability 
of an animal to form antibody depends 
upon two factors: the number of eosino- 
phils responding to the antigen, and the capability 
of phagocytic cells to remove the eosinophils after 
they have been in contact with the antigen. It is 
possible that some of the diseases of hypersensitivity 
may be due to a failure of phagocytosis of eosinophil 
cells and utilization of the enzymatic templates by 
reticulo-endothelial cells to form antibody. Further 
experiments are in progress to elucidate the role of 
these cells in defence mechanisms. 

* Taliaferro, W. H., “Ann. Rev. Microbiol.”, 3, 159 (1949). 


* McMaster, P. D., Cha; ter 2 in Pappenheimer, A. M., “The Nature 
me Significance of the Antibody Response” (Columbia Press, 


* Chase, “ W., Chapter 10 in hin tag ponent “The Nature 
and Significance of the Anti Response” Oclumbie Press, 


(1953). 
* Dixon, F. ee , Weigle, W. O., and Roberts, J. C., J. Immunol., 78, 


56 (196 

< iv, , Harris, T. N., and Farber, M. B., J. Immunol., 72, 148 

* Sterzl, J., Folia Biologica, 3, 65 (1957). 

? Stoner, R. D., and Hale, W. M., J. Immunol., 75, 203 (1955). 
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* Kimura, R., “Tissue Culture as «Applied especially — Bacterio- 
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1” Parker, R., Science, 85, 292 can. 

1 Stavitsky, ‘A. B., J. Immunol., 75, 214 (1955). 

18 Thorbecke, G. J., and Keuning, F. J., J. Immunol., 70, 129 (1953). 
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693 (1952). 
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By B. S. BLUMBERG* and M. P. TOMBS 
Department of Biochemistry, Oxford 


PPORTUNITY arose during recent trips to 

Iceland and Nigeria to collect samples of milk 
from the indigenous herds of cattle. These were 
examined to determine the type or types of B-lacto- 
globulin they contained. 

There are two £-lactoglobulins'!, namely, 64 and 
6z, distinguishable by paper electrophoresis. Aschaf- 
fenburg and Drewry? have studied their incidence in 
British breeds, and by family studies have demon- 
strated their genetic determination. Their presence 
or absence is determined by two allelic autosomal 
genes, and all three phenotypes, Ba, Bg and Bap, 
have been identified. 

Samples of milk were prepared for paper electro- 
phoresis according to the method of Aschaffenburg 
and Drewry*, and run on Whatman 3MM paper for 
17 hr. at 2 m.amp./cm. width of paper and a potential 
drop of about 1-5 V./em. length of paper, in veronal 
buffer J = 0-05, pH 8-6 in a ‘Durrum’-type appar- 
atus*. Staining was with alcoholic bromphenol blue, 
and washing with 2 per cent acetic acid and tap- 
water. 

The Nigerian cattle were White Fulani or Lyre- 
horned Zebu‘ from the stock farm of the Veterinary 
Research Station, Vom. They are big humped 
animals, with large dewlaps and frequently extremely 
large horns. They are similar in appearance to the 
Brahmin cattle of the East. They are thought to 
have been brought into Nigeria by the nomadic 
Fulani people. Twelve of the specimens were from 
White Fulani—Friesian crosses. 

Samples from Icelandic cattle were collected from 
various dairy herds on the island. The Icelandic 
breed is thought to have originated in Norway, and 
to have been isolated for a considerable period. 
The Icelandic cattle were selected so as to be free 
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a. 
Origin 


Examples of electrophoresis strips: (1) Icelandic, a,, 
Fulani, a Be Bg; Fulani, a4, Bap; (4) Fulani, ap, 
‘4B; (6) British,az, Baz . 


Fig. 1. 

Bap; (2) 
There was no significant difference between the 
incidences in the Zebu, Icelandic or British breeds. 
(For Zebu P > 0-2, for Icelandic P > 0-3, each 
compared to British incidences taken from Aschaffen- 
burg and Drewry’.) 

During electrophoresis of the Fulani samples a 
doubling of the «-lactalbumin band was noticed in 
some cases. Where the two bands were seen, one of 
them appeared to correspond in mobility with the 
«-lactalbumin previously found in British breeds, 
while the other moved more rapidly. Further search 
















































































from close interrelationships. Some sister and revealed a sample containing only the fast-moving 
Table 1. INCIDENCE OF B-LACTOGLOBULINS AND a-LAOTALBUMINS IN NIGERIAN (WHITE FULANI) AND ICELANDIC Cows 
The predicted incidence is determined from the Hardy-Weinberg law. The incidence in combined British breeds is taken from Aschaffenburg 
and Drewry. is determined by the x* test 
| 
| 
Nigeria (W. Fulani) Iceland British breeds 
Pheno- Observed | Observed | Predicted | Predicted | Observed | Observed | Predicted Predicted | Observed | Observed 
type No. incidence No. incidence No. incidence No. incidence No. incidence 
Ba 3 0-052 2-4 0-041 6 0-115 5-8 0-112 21 0-075 
Bas 18 0-310 18-6 0-321 23 0-442 23-1 0-445 112 0-403 
Ba 37 0-638 37-0 0-638 23 0-442 23-0 0-442 145 0-5-2 
| Total 58 52 278 
P~0-7 P>0-9 P>09 
a4 | 1 0-0217 1-05 0-023 0 0 
4B 12 0-260 119 0-259 0 0 
aR 33 0-717 33-0 0°717 52 1-000 
Total 46 52 
P > 0-95 
ie 
rd i i igerian ‘Table 2. INCIDENCE OF THE a-LACTALBUMIN AND f-LACTOGLOBULIN 
— aughter pairs were present in the Nige PHENOTYPE IN Forty-six PORE BRE2D WHITE FULANI (ZEBU) Cows 
The distribution of the B-lactoglobulin phenotypes 
, 2 . henot Total 
is shown in Table 1. They fit the predictions of the vbr ahcs Me Oe ada f 
Hardy-Weinberg law quite well. In the Nigerian Ba by 0 2 : 
gE les aig 0 12 13 
sample the Friesian—Fulani crosses are included. BB 0 12 19 31 * 
Thei issi igni i i 
eir omission does not significantly alter the results rota | ; = 3 ps 
* Fellow of the Arthritis and Rheumatism Foundation. 
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«-lactalbumin. No fast «-lactalbumins were found in 
the Fulani—Friesian crosses. The incidence of each 
of the phenotypes in the pure Fulani animals only 
is shown in Table 1. 

The distribution of the three types agrees closely 
with the predictions of the Hardy-Weinberg law. 
Although too few samples have been examined to 
provide family studies, by analogy with the case for 
the §-lactoglobulins, it is suggested that these 
«-lactalbumins are also genetically determined. The 
symbols a4, «g are given to the proteins, and the 
symbols L4,, LB, assigned to the genes presumably 
determining their presence. «4 is the faster moving 
component and ag the slower on paper electro- 
phoresis under the conditions stated above. 

All twelve paired «-lactalbumins were found 
in animals which produced only §,-lactoglobulin. 
This association is significant at less than the 5 per 
cent level. The one sample with only «4-lactalbumin 
was found in a Bga-producer (Table 2). 

This might be genetic association through close 
linkage with selection or due to some physiological 
effect in the mammary gland. The fast-moving 
«,4-lactalbumin has not so far been found in any 
British breed, nor in the Icelandic. This protein may 
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therefore provide a marker by which the affinities 
of the Zebu cattle, and indirectly the Fulani people 
associated with them, may be traced. The 6-lacto- 
globulins do not appear to be suitable for dis- 
tinguishing the breeds so far examined. No selective 
value has yet been found for either the «-lactalbumins 
or the 8-lactoglobulins. 

This investigation was supported in part by a 
research grant, H-3161, from the National Heart 
Institute, U.S. Public Health Service, and the 
Wenner-Gren Foundation for Anthropological Re- 
search. Milk samples were collected from the 
Nigerian cattle with the permission and help of Dr. 
J. Taylor, director of the Veterinary Research 
Station, Vom. One of us (M. P. T.) is indebted to 
the Agricultural Research Council for a travel grant, 
and to the Icelandic authorities and Mr. B. S. 
Benedikz for their assistance in Iceland. Investi- 
gations in Nigeria were carried out under the auspices 
of Prof. B. G. T. Elmes, Department of Pathology, 
University College, Ibadan. 

‘ Aschaffenburg, R., and Dre , J., Nature, 176, 218 - Ogston, 

A. G., and Tombs, M. P., Biochem. J., 66, 399 (1957). 

* Aschaffenburg, R., and Drewry, J., Nature, 180, 376 (1957). 
* Flynn, F. V., and De Mayo, P., Lanett, ii, 235 (1951). 
‘ Gates, G. M., Farm and Forest, 11, 19 (1952). 


PROTECTION OF AUGUST RATS AGAINST LETHAL DOSES OF 
A DIMETHYL HOMOLOGUE OF MYLERAN BY ISOLOGOUS 
BONE MARROW 


By Pror. TIMOTHY R. TALBOT* anv Dr. L. A. ELSON 


The Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, S.W.3 


YLERAN (1: 4-dimethanesulphonoxybutane), 

introduced by Haddow and Timmis! and 
clinically by Galton*, is now well established as 
a useful agent for the therapy of human chronic 
granulocytic leukemia*. The hematological effects 
in rats of compounds of the general type 
CH,SO,.0.(CH,),.0.80,CH;, of which myleran is the 
member where n = 4, have been studied by Elson‘. 
These studies have recently been extended to the 
series : 

CH, CH, 

H,.80,0.CH.(CH,),.CH.0.80,CH, 


made by Timmis and Hudson*, and the member in 
which n = 2, namely, 2 : 5-dimethanesulphonoxy- 
hexane (CB 2348), a dimethyl homologue of myleran, 
has been found to be three times more active than 
myleran in depressing the number of neutrophils in 
the circulating blood of rats®. CB 2348 is more soluble 
in water and in organic solvents than myleran, and 
has a higher rate of chemical reactivity as assessed 
by the rate of hydrolysis‘. 

Clinical trials in malignant diseases indicate that 
CB 2348 has a therapeutic action similar to that of 
myleran in chronic granulocytic leukzmia’, and pre- 
liminary results by Bierman® indicate that it may not 
be entirely devoid of action in acute leukemia. In 


* Assistant professor of momen, University of Finevtraaie . This 
work was conducted during tenure of a Research eT ee _ the 


National Cancer Tnatitute © of the National Institutes of H 





conformity with their effectiveness in granulocytic 
leukemia, myleran and CB 2348 show a preferential 
action on the myeloid series of blood cells, and at 
suitable doses can produce in rats a marked fall in 
peripheral neutrophils with relatively little effect on 
lymphocytes or lymphatic tissue. In comparative 
studies of the effects of cytostatic agents and radia- 
tion, Elson‘ has suggested that the myeloid effects of 
X-radiation can be imitated very closely by com- 
pounds of the myleran type, whereas the lymphoid 
effects of radiation are imitated by compounds of the 
nitrogen mustard series. 

The present interest in protection against lethal 
doses of X-radiation by means of bone marrow 
administered shortly after the irradiation suggested 
that it would be useful to investigate the effective- 
ness of bone marrow protection against cytostatic 
agents of the myleran and nitrogen mustard type. 
Of particular interest is the fact that with myleran 
compounds the protection against myeloid effects can 
be studied without the complication of the marked 
lymphoid effects which are inseparable from myeloid 
effects in animals treated with X-radiation. 

Because of its high biological activity and rapidity 
of chemical action, making it unlikely that it would 
persist in the body in an active state for a long 
period after administration, CB 2348 was felt to be 
particularly suitable for this investigation. 

It is now well established that mice exposed to a 
supralethal dose of X-radiation recover from the 
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radiation injury if they are given intravenous or 
intraperitoneal injection of isologous, homologous or 
heterologous bone marrow®!®, Rats which have 
received supralethal doses of X-radiation usually die 
within 5-6 days, primarily from damage to the small 
intestine and before hematological damage is fully 
developed. Mice do not die until several days later 
than this, and death is associated with severe 
thrombocytopenia, leukopenia and anemia. There- 
fore it is not possible to give supralethal doses of 
X-radiation to rats (in contrast to mice) and then 
prevent death by bone marrow injection, since 
gastro-intestinal injury, rather than hematopoietic 
depression, is the major cause of death". 

Rats which have received X-radiation in the lethal, 
but not supralethal, range can be protected by 
isologous bone marrow, but not by homologous or 
heterologous marrow. This is thought to be due to 
the fact that in order to inhibit the immune response 
of the recipient animal, thereby permitting the 
growth of the injected ‘foreign’ cells, supralethal 
doses of X-radiation are necessary. Maisin’* has, 
however, shown that the ‘intestinal’ effects of supra- 
lethal doses of X-radiation can be reduced by the 
prior administration of mercaptoethylamine, and 
about half the rats so treated can be saved by 
means of an intraperitoneal injection of isologous 
bone marrow. 

Sartorelli and LePage!* have demonstrated that 
tumour-bearing mice can be protected against lethal 
doses of thioguanine by means of injections of 
isologous bone marrow. Weston" has reported bone 
marrow protection of rats treated with lethal doses 
of myleran. 

Our experiments were carried out in pure line 
August rats weighing about 120 gm. CB 2348, 
7-5 mgm./kgm. was administered in arachis oil by 
intraperitoneal injection. The usual concentration 
was 0-75 mgm./ml. of oil. 

Suspensions of bone marrow were prepared by 
blowing out the marrow from both femurs of each 
donor rat into 1 ml. of saline solution. The total 
final volume of bone marrow suspension, containing 
the marrow from 4-10 donors, varied from 1 to 
2-5 ml. for each group of five recipients. Intravenous 
injections usually consisted of 0-2 ml. per recipient 
and intraperitoneal injections 0-5 ml. per recipient. 
Counts showed that each femur contributed about 
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Table 1. BONE MARROW PROTECTION OF RATS AGAINST A LETHAL 
DosE (7:5 MGM./KGM.) OF 2: 5-DIMETHANESULPHONOXYHEXANE 
(CB 2348) 
| 
| Interval 
between 
; | No.of | | chemical | No.of | Strain | Strain 
Exp. | donors | Route | and bone | animals 0 of recip- 
No. per | | marrow sur- /|donorst| ientst 
| recipient | injection | viving* 
| (hr.) 
1 eh ges Pere 0/5 Ww W (1) 
2 Bid, aie 3 3/4 A A (2) 
| 8 : pein Bes 2 ie ie eS A A 
4 1 tA 3 4/5 A A 
| 5 4/5 LP. 3 0/5 ‘A A 
| 6 LP. 3 | 3/4 A A 
| 7 2 LP. 8 | 5/5 A A 
8 2 LP. 14 | 4/5 A A 
| 9 2 1.P. ae a ie A A 
10 2 i?, 48 0/5 A A 
11 2 LP, 96 | 0/5 A A 
; 12 2 Lie 2 | 0/10 M A (8) 
| 








* There were five control animals in each experiment, all of which 
died in 10-14 days. 


+4 = August; W = Wistar; M = Marshall. 
(1) Wistar Wistar = homologous; (2) August > August = iso- 
logous ; (3) Marshall— August = bn $s, + 
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35 x 10® nucleated cells. The lateral tail vein was 
used for the intravenous injections. The bone marrow 
was injected at various times, from 14 hr. in one 
experiment to as long as 4 days in another experi- 
ment, after the chemical had been given. In some 
experiments, Wistar or Marshall rats were used as 
homologous donors. Donor rats were of approximately 
the same age as the recipient animals. 

The results from representative experiments are 
summarized in Table 1. 

It is thus clear that in the majority of our experi- 
ments the lethal effects of CB 2348 can be largely 
overcome by intraperitoneal or intravenous injections 
of isologous bone marrow. Homologous marrow was 
ineffective, and attempts to protect Wistar rats were 
unsuccessful. It was possible to achieve protection 
by bone marrow injection at 14-24 hr. after the 
chemical was administered, but not at 48 hr. 

In collaboration with Dr. L. F. Lamerton and Dr. 
J. M. Loiselle, we have also completed a series of 
experiments in which August rats were exposed to 
500 or 550 r. of X-radiation, followed, in 4-3 hr., by 
injections of isologous or homologous bone marrow. 
These amounts of irradiation caused death of the 
control animals at about 12-16 days. Isologous 
marrow, but not homologous marrow, was effective 
in preventing death in almost all animals. 

There is considerable evidence that lymphatic 
tissue plays an important part in the development of 
immune responses!*, Myleran suppresses the hemato- 
poietic elements more than the lymphatic tissues. 
Nitrogen mustard (HN2) and related compounds 
such as chlorambucil : 


CICH,CH, 


yy—<_S-ca,c00n 


CICH,CH, 


have a relatively greater effect on lymphatic tissue, 
and their action on the other hematopoietic activity 
is of shorter duration than myleran. CB 2348 lies 
somewhere between these two compounds in its mode 
of action!>. 

One would therefore expect that the nitrogen 
mustard derivatives would behave like X-radiation 
with respect to suppression of immune responses, 
and that if protection against the lethal effects of 
nitrogen mustards could be accomplished it could be 
achieved by the injection of either isologous or homo- 
logous bone marrow. However, the response of most 
animals to toxic doses of these chemicals follows one 
of three patterns, depending upon the dose adminis- 
tered : (a) acute convulsive seizures and death within 
a few hours; (b) death within 3-7 days in a manner 
similar to that which follows supralethal doses of 
X-radiation ; or (c) weight-loss, diarrhoea and pan- 
cytopenia followed by rapid recovery'*, The response 
described in category (b) is usually elicited by amounts 
in the range of the median lethal dose, but it is 
difficult to plan an experiment in such a way that 
death is produced in the majority of animals at 6-7 
days. Chlorambucil, one of the aromatic nitrogen 
mustards, closely resembles HN2 in these patterns of 
response at different doses. It thus appears likely 
that in order adequately to suppress the immune 
response of rats by means of HN2 or related com- 
pounds, a dose must be given which leads to death 
in the same fashion as in (a) or (b) above. The 
nitrogen mustard derivatives of an aromatic amino- 
acid, such as melphalan (CB 3025) : 
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CICH,CH, 


» n—€_)-cH, 01.0001 


NH, 


do not produce acute death or convulsions as in 
category (a), even at more than twice the lethal 
dose, and there is evidence to suggest that deaths in 
category (b) above will be somewhat more delayed 
than with other nitrogen mustard derivatives tested 
so far. Protection experiments are therefore being 
conducted with this and similar compounds in an 
effort to define further the potentialities and mode 
of action of some of the chemotherapeutic or 
alkylating agents. 

? Haddow, A., and Timmis, G. M., Lancet, 264, 207 (1958). 
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* Galton, D. A. G., “Advances in Cancer Research”, 4, 73 (1956). 
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METAL-CHELATING PROPERTIES OF PLANT-GROWTH SUBSTANCES 


By DAN COHEN and BEN-ZION GINZBURG 
Botany Department 
AND 
Dr. CARLA HEITNER-WIRGUIN 


Inorganic Chemistry Department, The Hebrew University, Jerusalem 


T has been found that several chelating compounds 

have auxin activity’*. As a consequence, it has 

been suggested that the activity of the known auxins 
is due to their chelating action}.*. 

Auxin action has been ascribed to the two-point 
attachment of the growth substance to some suitable 
substrate, the attaching groups being the aromatic 
ring and a polar group of the side chain®.*. The 
complexing groups of a bidentate chelate may serve 
as such points of attachment. However, no chelating 
action has been reported for indolyl-3-acetic acid or 
«-naphthalene acetic acid. The cholating activity of 
these acids was therefore investigated. 

The methods used were those described by Martell 
and Calvin’. As the auxins are only slightly soluble 
in water, they were dissolved 
in 50 per cent ethanol, which 
also was a suitable solvent 
for the metal salts. Absorp- 
tion spectra of indolyl-3- 
acetic and a-naphthalene 
acetic acids and cupric nit- 
rate were determined, using 
a Beckman DU spectro- 
photometer. The results are 
given in Fig. 1. A _ pro- 
nounced difference is ob- 
served when the spectrum of 
the mixture of the auxin and 
copper salt is compared with 200 
the sum of the two separate 
spectra. This indicates a 
change in chemical bonding 
which can be interpreted 


100 4 
as chelating or complexing pe 


8 


Optical density (10°) 





Indolyl-3-acetic acid 


complex at 360 my and that of the copper—c- 
naphthalene acetic acid at 330 mp against the 
ratio acid/copper in both cases, keeping the acid 
concentration constant (Fig. 2). Breaks in the 
curves indicate the composition of the complexes 
in the solution; such breaks were obtained at 
1 copper : 1 indolyl-3-acetic acid ; 1 copper : 2 indolyl- 
3-acetic acid and 1 copper: 2 «-naphthalene acetic 
acid. The stability of the complexes was determined 
by the Bjerrum method, as modified by Calvin’ to 
suit the MA, case. pH titration curves for free acid 
and acid with small amount of metal were plotted 
(Fig. 3). The horizontal distance between the 
curves is equivalent to the amount of hydrogen ions 
released by the complexing of the metal. 


a-Naphthalene acetic acid 








of the metal by the acids. 320 350 
The comp»sition of the 

complex was determined by Fig. 1 
plotting absorption of the 
copper—indoly]-3-acetic acid 


tion spectra in 50 per cent ethanol. 

A. OotN ae 3 X 10° M; x, ne acid 2x10" M+ 
of *a-naphthalene acetic acid 2’x 10-? M 
acid 2 x 10-* M+’ Cut 





T a 


400 450 320 350 
Wave-length (mz) 
pH 3-6. 


380 


a oe ——. oe 2are 
(NO,), 3 x 10-* M; 
, Cu Noes 2x 10™ M; @, = ceaealinotane acetic 
Os), 2 x 107° M 





























NATURE 


a-Naphthalene acetic acid 





No. 4610 March 8, 1958 


Indolyl-3-acetic acid 
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Fig. 2. Optical density of the copper—indolyl-3-acetic acid complex (360 mu, pH 3-6) and of the 

copper-a-naphthalene acetic acid complex (330 mu, pH 3-18) in50 per cent ethanol. Concentration 

of acids constant at 2 x 107? M. x, copper-indolyl acetic acid complex; +, copper-a-naph- 
thalene acetic acid complex 


Indolyl-3-acetic acid a-Naphthalene acetic acid 


pu 











3-0 





002 006 Ot ~ 002 006 0-1 

Potassium hydroxide 1 M (ml.) 
Fig. 3. pH titrationcurve in 50per cent ethanol. x, indolyl-3-acetic acid; @, a-naphthalene 
acetic acid; A, indolyl-3-acetic acid + Cu(NOs).; ©, a-naphthalene acetic acid + Cu(NOy)2. 


Concentration of acid, 10-? M. Concentration of Cu(NO;),, 2 x 10-* M. Titration with 
M potassium hydroxide 
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another mechanism of 
chelating activity must be 
applied to suit both com- 
pounds. The first complex- 
ing group is the carboxyl 
group, the properties of 
which are probably not 
affected by these substitu- 
tions in the acetic acid 
molecule, since the pKa 
acetic acid is 4-7, indolyl-3- 
acetic acid is 4-6 and «- 
naphthalene acetic acid is 
4-6. The complexing action 
of the carboxyl group in 
acetic acid is low with cop- 
per ions. As the second 
complexing group the entire 
aromatic ring may function. 
There is some evidence for 
this in the recent finding 
of complex formation be- 
tween metal ions and vari- 
ous aromatic compounds?®.®, 
This explanation of the 
second active site could 
apply both to «-naphtha- 
lene acetic and indolyl-3- 
acetic acids, and could be 
the basis of the two-point 
attachment theory for auxin 
activity. 

Some other preliminary 
experiments with indolyl-3- 
acetic acid show strong 
chelating activity with ferric 
ions and considerably less 
with cobaltous ions (log 
K ~2). No activity could 
be demonstrated with cal- 
cium and magnesium ions. 
Consequently, if the growth- 
promoting activity of auxin 
is due to its chelating pro- 
perty, this could be only 
with heavy metals. There 
are several possible modes 
of action of auxin as a 
heavy-metal chelating 
agent. It may act as a 
carrier, mask functional 
heavy-metal ions, or remove 
ions inhibitory to cell wall 
growth. 


From these titrations the degree of formation 7” Our thanks are due to Prof. Patai, of the Organic 
was calculated and plotted against —log [indolyl-3- Chemistry Department of the Hebrew University, 
acetic acid—] and —log [«-naphthalene acetic acid—], and Dr. J. Edelman, of the Imperial College of 
respectively. The calculated stability constants for Science and Technology, London, for helpful criticism 
the overall reaction were: log K = 5:4 for copper and stimulating discussion. 

(x-naphthalene acetic acid), (log k, = 3-2; log k; = + Heath, O. V. 8., and Clark, J. E., Nature, 177, 1118 (1956). 


2-2); == §: i lyl acetic acid ? Heath, O. V. S., and Clark, J. E., Nature, 178, 600 (1956). 
2); log x we Se ig i inde y - )s * Weinstein, L. i., Meiss, R. L., Uhlerand, G. R., and Purvis, J., 


(log k, = 3-2; log k, = 2-3). Nature, 178, 1188 (1956). 


Under the same conditions indole showed only  ‘Bennet-Clark, T. A., in “The Chemistry and Mode of Action of 


very slight complexing ability. Roberts, quoted by 


Plant Growth Substances” (Butterworth Publications, London, 


: . 1956). 
Heath and Clark', suggested that indolyl-3-acetic + yuir, R. M.,and Hansch, ©.,“Ann. Rev. Plant Physiol.”,6, 157 (1955). 
acid could chelate between the carboxyl oxygen and * Bonner, J., and Foster, R. J., in “The Chemistry“and Mode of Action 


the imino nitrogen, forming a seven-membered ring. 


of Plant Growth Substances” (Butterworth Publications, London, 
1956 


. A D 
x-Naphthalene acetic acid, however, lacks a replace-  : Martell, A. E., and Calvin, M., “Chemistry of the Metal Chelate 


é i i ing. both Compounds” (Prentice-Hall, New York, 1952). 
pi arons ms: bane epere ts the sip fase 8 Anet, F. A. L., and Leblanc, E., J. Amer. Chem. Soe., 79, 2649 (1957). 


copper (indoly!-3-acetic acid), and copper («-naphtha- , Ocim 


lene acetic acid), compounds show similar stability, ay 2210 (1956). 





, N., Andrew, L. J.,and Keefer, R. M.,J. Amer. Chem. Soc., 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Radio Noise from Lightning Discharges 


In studies of atmospheric radio noise from thunder- 
storms, and of its interference with radio systems, it 
is useful to know the wave-forms of the atmospherics 
received in different frequency bands from a single 
lightning discharge. Although measurements of the 
electromagnetic field changes are the basis of much 
of our knowledge of the discharge processes, they 
have been mainly restricted to frequencies less than 
100 ke./s. Norinder! has recorded samples of noise 


at 500 ke./s., but there are few records of the wave-. 


forms of atmospherics in the high-frequency band 
which is important for long-distance communication. 
Records obtained at the Radio Research Station, 
Slough, during two local thunderstorms are therefore 
of interest both in the study of radio interference and 
also as @ possible source of further information about 
the discharge processes. 

During a storm on July 19, 1957, records of the 
wave-form of the vertical component of electric field 
were obtained, in a bandwidth of 300 c./s. at 11 Me./s., 
from twenty-five flashes at known distances in the 
range 1-6 km., deduced from the delay in hearing 
thunder. Twenty-one flashes were seen to strike 
the ground ; the others may have been either cloud 
flashes or ground flashes obscured from view. 

The atmospherics were recorded on magnetic tape, 
at a subcarrier frequency of 10 kce./s., and later 
transferred to film. The wave-forms were so varied 
in detail that it was difficult to select any as being 
typical, but those reproduced in Fig. 1 illustrate the 
main features. Fig. la shows a single relatively 
large burst in an atmospheric of total duration 
230 m.sec. In Fig. 1b the whole atmospheric is of 
similar duration but contains several peaks of 
comparable amplitude. Fig. lc shows} a more 
continuous type of atmospheric with the largest 
amplitude at the beginning. These atmospherics, all 
from ground flashes at distances of about 3 km., 
had peak amplitude in the range 550-900 yV./m., 
and the amplitudes of all twenty-five atmospherics 
were of this order. The durations were in the range 
40-330 m.sec. 

Fig. 1d is a record from a flash at 5-km. range 
which was seen to be in the form of a catenary, well 
above the ground, with its ends in the thundercloud. 
So far as could be seen, neither the amplitude nor 
the wave-form was significantly different from those 
originating in ground flashes. Although the flash 
appeared to be of the cloud type, it may have struck 
the ground outside visible range. 

The suggestion has been made* that noise in the 
high-frequency band originates in the stepped-leader 
type of discharge which travels towards the ground 
and is usually followed by a high-current return stroke 
from the ground to the cloud. The stepped-leader 
part of the discharge lasts only for a time of the 
order of a millisecond, however, and cannot be re- 
sponsible for the relatively long bursts of noise in the 
examples sown. 

A study of the high-frequency atmospheric in 
relation to that recorded at very low frequencies is 
instructive, since a very-low-frequency atmospheric 
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-—— 0-1 sec. —— 


Fig. 1. 11 Mc./s, atmospherics from near storm 


is known to contain large pulses originating in the 
return strokes. During another storm, on August 12, 
1957, noise fields were recorded simultaneously at 
11 Me./s. and 6 ke./s., in band-widths of 300 and 
200 c./s. respectively. A twin-track recorder was not 
available, and the two frequencies were recorded on 
a@ single track, the 6 kc./s. signal direct and the 
11 Mc./s. signal after frequency-changing to 10 ke./s. 
The tape was then played back, through low- and 
high-pass filters to separate the signals, on to a two- 
gun cathode-ray tube for obtaining film records. 

Most of the flashes were outside visual range 
(about 10 km.); only three were seen to be ground 
flashes, but there were no doubt many others. 

The wave-forms were generally similar to those 
from the earlier storm, but again with a wide 
variation in detail. Twenty-six records from flashes 
at known distances between 1 and 18 km. were 
examined. The high-frequency atmospherics had 
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Fig. 2. Corresponding atmospherics at 11 Mc./s. and 6 ke./s. 


peak amplitudes between 50 and 1,500 uV./m. and 
those at very low frequency between 0-3 and 30 V./m. 
Seventeen of the atmospherics had a ratio of very-low 
to high-frequency peak amplitude of 10‘, within a 
factor of 2 either way, but the total range was 
650-42,000. Fig. 2a shows the atmospheric with 
the highest ratio and Fig. 2b that with the lowest. 
It should be noted that each record has been ad- 
justed in amplitude to illustrate the main features 
clearly, and the scale therefore varies from one record 
to another. The absence of large pulses in the 
6 ke./s. record of Fig. 26 may be 
an indication that it was a cloud 
flash. 

Fig. 2a illustrates a curious 
phenomenon which occurred on 
many of the records. The main 
feature of the high-frequency 
noise was the pair of pulses, the 
first of which occurred about ten 
milliseconds after the very-low- 
frequency pulse (presumed to 
originate in @ return stroke). Of 
the twenty-six records examined, 
ten showed this double-pulse 
effect, while four others showed a 
single pulse in a similar position 
and two showed three pulses. 

Fig. 3 shows atmospherics from 
the nearest ground flash, about 
1 km. away. The first film record 
taken from the tape (Fig. 3a) 
could be interpreted, using the 
currently accepted model of the 
lightning flash, as indicating a 
flash,with two, and possibly three, 
return strokes, the high-frequency 
noise being radiated from the 
preliminary discharges. Another 
record of the same atmospheric 
was taken from the tape, with 
much greater amplification at 
6 ke./s. (Fig. 3b). A succession 
of very-low-frequency pulses was 


then observed with a wide range of amplitudes. Also 
the atmospherics were clearly seen to have started 
simultaneously and to have had the same overall 
durations on the two frequencies, characteristics 
which would probably not have been inferred from 
Fig. 3a. 

Many of the features of these records are not 
readily explained in terms of our present knowledge 
of lightning, and a more detailed study of these and 
similar records may lead to new information about 
the discharge mechanism. 





—— 0-1 sec. —— 


Fig. 8. Atmospherics from a very near flash, Peak amplitudes: 1-4 mV./m. at 11 Mc./s.; 


30 V./m. at 6 ke./s. 
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This work was carried out as part of the pro- 
gramme of the Radio Research Board, and is pub- 
lished by permission of the Director of Radio Research 
of the Department of Scientific and Industrial 
Research. 

F. Horner 
C. CLARKE 


Radio Research Station 
(Department of Scientific and 
Industrial Research), 
Slough, Bucks. Jan. 14. 


* Norinder, H., J. Franklin Inst., 244, 109 (1947). 
2 Aiya, 8S. V. C., Proc. Inst. Rad, Eng., 48, 966 (1955). 


Solar-Flare Effect in the F2-Layer of the 
lonosphere 


A soxar flare usually causes a simultaneous 
increase in the electron density of the D- and E-layers 
of the ionosphere in the daylight hemisphere. It is 
rare, however, to find any corresponding increase in 
the F2-layer, and the only previously reported case 
occurred in 19491 during an important flare which 
was accompanied by an unusually intense burst of 
cosmic radiation. 

A similar, but even more intense, flare occurred on 
February 23, 1956, and a simultaneous increase in 
F2-layer ionization at Okinawa has been reported 
by Shapley and Knecht?. Since increases of about 
the same magnitude occurred on other days, and 
since no simultaneous increases were observed at 
Adak, Baguio or Guam, Shapley and Knecht suggest 
that the increase at Okinawa may not have been 
caused by the flare. 

The very great increase in D-layer ionization at 
Singapore during the flare of February 23, 1956, has 
already been described*. A simultaneous increase in 
the critical frequency (f) of the F2-layer was also 
observed but, since the behaviour of the F2-layer is 
notoriously erratic, @ critical examination of the data 
is necessary to establish the validity of the obvious 
inference that the increase was caused by the flare. 
Fig. la shows the measured values of f on February 
23, 1956, and a comparison curve based on the 
median values for the ten control days. Owing to 
the very high D-layer absorption during the flare, 
it was impossible to measure f at 1100 L.m.T., but a 
value has been estimated by extrapolating backwards 
from the measured values obtained between 1123 and 
1200 u.m.t. A comparison between the two curves 
suggests that the values of f on February 23 were 
unusually high at 1100 u.m.T. and just afterwards. 
The visible flare began at about 1034, reached 
maximum intensity near 1045 and had almost 
vanished by 1200 u.m.t. There is, therefore, a prima 
facie case for suggesting that there is a correlation 
between the two events; but, to prove this, an 
objective. method of measuring the frequency of 
occurrence and the magnitude of any other similar 
increases must first be found. 

The measured critical frequency, fm(t), at time ¢ 
(in hours) varies in an erratic manner from one day 
to another, but there is a close correlation between 
Sm(t) and the value for the following hour, /(¢ + 1), 
on the same day. For each value of t, therefore, it is 
possible to fit, a line through a series of points (f(t), 
Sm(t + 1)) obtained over a period of a few weeks ; 
this has been done for each hour for the range of 
times ¢ = 0900-1800 for the twenty-two day period 
February 14-March 6. For any given measured 
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value of f(t), the appropriate line may then be used 
to give the most probable value of f 1 hr. later: 
Sp(t + 1); the difference Af = fm(t + 1) — fp(t + 1) 
may then be used to represent the departure of the 
measured value from its ‘normal’ value. Fig. 1b 
shows the variations in Af for February 23 using 
fm(1000) to derive fp(1100), fp(1100) to derive fp(1200) 
and so on. The presumed flare effect is seen to be a 
positive ‘pulse’ of amplitude 1-1 Me./s. which is 
followed by a second smaller pulse at 1600 u.m.7. 
The same procedure was repeated for each of the 
twenty-two days mentioned above for ¢ = 0900- 
1800; in addition to the two positive pulses on 
February 23, only two others were discovered which 
had amplitudes of 0-5 Mce./s. or greater. These 
occurred on February 19 and 25, and there was 
also a negative pulse of amplitude 0-5 Mc./s. on 
February 22. 

An analysis of the statistics of the fluctuations in 
Af has been made and from this it is possible to 
calculate the probability that a pulse exceeding any 
specified amplitude should occur by chance. From 
these calculations it follows that the second pulse 
on February 23 and the negative pulse might have 
occurred by chance. On the other hand, the number 
of pulses of amplitude not less than 1-1 Mc./s. ex- 
pected to occur by chance during the twenty-two day 
period is 0-06, as compared with three pulses actually 
observed. It seems reasonable to conclude that the 
pulses on February 19 and 25 and the first pulse on 
February 23 are most unlikely to have occurred by 
chance and that some physical cause remains to be 
identified. 




















March 8, 1958 


Table 1. COINCIDENCE OF FLARES AND PULSES 
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| wiare | Nofare | ‘Totals 
Pulse 2 1 3 
No pulse | 14 | 181 | 195 
| ‘Totals | 182 | 198 
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The pulse on February 23 at 1100 L.m.T. was pre- 
ceded by a class 2-3 flare which began at 1034 and 
and that on February 19 by a class 2 flare which 
began at 1455. No flare was observed during the 
hour preceding the pulse on February 25. During 
the period of 198 hours covered by the analysis, 
fourteen flares of class 2 or greater intensity were 
recorded which did not coincide with ionospheric 
pulses. These and other relevant data are included in 
Table 1. Since the ‘expected’ numbers in the two 
upper cells are small, the simple xy? test for significance 
cannot safely be used, but Yates’s method gives 
P =0-017. The observed number of coincidences 
of flares and pulses (2) is greater than the number 
expected to occur by chance (0-24), and it is concluded 
that there is probably an association between the 
two phenomena. 

The pulse on February 25 occurred during a 
severe geomagnetic disturbance and, since such dis- 
turbances are often accompanied by ionospheric 
disturbances, this may account for its having occurred 
in the absence of a flare. Although it appears that 
pulses of the type described can sometimes be caused 
by fairly intense flares, some additional factor must 
also be involved which is not always favourable and 
which permits the occurrence of pulses after only a 
small fraction of all such flares. 

This work was carried out as part of the programme 
of the Radio Research Board, and is published by 
permission of the Director of Radio Research of the 
Department of Scientific and Industrial Research. 

C. M. Mrynis 
G. H. Bazzarp 
Radio Research Station 
(Department of Scientific and Industrial Research), 
Slough. 
Oct. 9. 


a Dien? W., and Geisweid, K. H., J. Atmos. Terr. Phys., 1, 42 


* Shapley, A. H., and Knecht, R. W., Inst. Rad. Eng. Trans., AP, 5, 
326 (1957). 

* Minnis, C. M., Bazzard, G. H., and Bevan, H. C., J. Atmos. Terr. 
Phys., 9, 233 (1956). 


A New Thermal Image-Converter 


A smmPpLE thermal image-converter can be made, 
using the dependence upon temperature of the 
absorption threshold in a semiconductor. When a 
sample of a suitable material is viewed by trans- 
mitted monochromatic light at a wave-length near 
the threshold, any variations in temperature appear 
as differences in the transmitted intensity. If a 
scene in which there are objects of various tempera- 
tures and emissivities is focused on the semiconductor, 
a visible picture will result. 

The complete image-converter (Fig. 1) consists of 
a self-supporting film of amorphous selenium, 
metallized on one side, and mounted in a vacuum 
at the focus of a parabolic mirror. The film is viewed 
in transmission by light from a sodium lamp. 

To achieve high sensitivity three requirements 
must be satisfied: (a) The semiconductor should 
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have an extinction coefficient which is strongly 
dependent on temperature. This is determined by 
the product of two factors, the steepness of the 
absorption edge and the temperature coefficient of 
the forbidden energy gap. (b) The semiconductor 
must have low lateral heat spread ; it must therefore 
be made as a thin film, and be of low thermal con- 
ductivity. (c) The film must be coupled strongly 
to the scene of view via the imaging mirror, and 
weakly to its surroundings. 

For a simple tube it is also necessary that the 
absorption edge should be at a wave-length to which 
the eye is sensitive. 

We have found amorphous selenium to be the most 
suitable semiconductor for the application. It has a 
thermal conductivity less than 5 x 10-* cal./gm. and 
can easily be prepared as a thin self-supporting film. 
At 5890 A. its extinction coefficient is 1-7 x 10‘cm.~*, 
with a temperature coefficient? of 190 cm.-? deg.-!. 
The energy gap changes by 9-7 x 10-* eV. deg.-?. The 
edge is not as steep as in semiconductors such as 
germanium and silicon, but the large change of 
energy gap with temperature more than compensates 
for this. 

Since, like most semiconductors, selenium is trans- 
parent to thermal radiation, some absorbing layer 
must be added to the film. It has been shown else- 
where® that a composite metal—selenium film has a 
high absorption for radiation incident on the selenium 
side at angles of incidence less than 50°, but low 
absorption for larger angles of incidence, or for 
radiation incident on the metallized side. Its average 
emissivity will therefore be quite low. 

The last requirement is therefore met by using a 
selenium—metal combination in an enclosure, evacu- 
ated to eliminate convective losses, with the selenium 
side facing a mirror of high aperture ratio. The sel- 
enium should be about ly thick, but the sensitivity 
is not strongly dependent on the nature or thickness 
of the metal. 

Using an absorption-edge tube of this nature, with 
an f/1 parabolic mirror, objects 15 deg. C. above 
ambient temperature can be seen. Fig. 2a shows 
the image of a kettle 60 deg. C. above ambient. The 
sensitivity limit is determined by the smallest con- 
trast which the eye can detect. Fig. 2b shows the 
image of a head. In this photograph the contrast 
has been doubled by a photographic technique. 

The resolution obtained is 2 line-pairs per mm. 
and is probably equally limited by the performance 
of the mirror and of the film. The time-constant 
is less than 0-5 sec., and an exposure of 2 sec. is 
sufficient to photograph the image. 

For objects hotter than 200° C, the aperture of the 
mirror must be reduced to avoid crystallization of 
the selenium. Crude sealed-off tubes have been 
made in which the two windows are waxed to the 
glass, and the vacuum required (10-* mm. of mercury) 
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maintained by getters. The life before re-pumping 
was needed was about two months. If longer life 
is required it is necessary to use a more complicated 
rock-salt-to-glass seal‘ and to out-gas the tube. The 
film must be kept cool during this process. 
We are grateful to the Admiralty for permission 

to publish this communication. 

W. R. HarpineG 

C. Hitsum 

D. C. NortTHROP 
Services Electronics Research Laboratory, 

Baldock, Herts. 
Nov. 21. 
? Sayce, E., Proc. Roy. Soc. N.S.W., 51, 356 (1917). Northrop, D. C., 
8.E.R.L. Quart. Rep. No. 31 (July 1953). 

* Hilsum, C,, Proc. Phys. Soc., B, 59, 506 (1956). 
* Hilsum, C., J. Opt. Soc. Amer., 44, 188 (1954); 45, 135 (1955). 
* Frank, K., and Stow, R. L., Rev. Sci. Instr., 25, 514 (1954). 


Stress Optical Coefficients of Different 
Specimens of Vitreous Silica 


In a recent communication! the results obtained 
from a study of the stress optical coefficient of a 
sample of vitreous silica and its variation with 
wave-length were described. This sample was 
obtained from the Thermal Syndicate, Ltd., England, 
a few years ago. In order to find out whether there 
was any variation of stress optical coefficient from 
specimen to specimen, two specimens of vitreous 
silica one of ‘OH’ quality and the other of ‘OG’ 
quality were recently obtained from the same firm. 
Each specimen was in the form of a rectangular 
plate (20 mm. x 20 mm. x 5 mm.) with polished 
faces. Using the same experimental technique as 
before!, accurate determinations have been made of 
the stress-optical coefficient, C, of these two samples 
over the wave-length range 2300 A._5400 A. Measure- 
ments were made for not less than 25 different wave- 
lengths well distributed throughout the range 
investigated. The variation of C with wave-length 
for the two new specimens is represented graphically 
in Fig. 1. The errors in the value of C for the 
various wave-lengths for the ‘OH’ and ‘OG’ quality 
specimens are less than 0-5 per cent. The values 
obtained for the earlier specimen are shown as 
curve P in Fig. 1. It is seen that for any wave-length 
the stress optical coefficient C for the ‘OH’ quality 
specimen it) less than that for the ‘OG’ quality, the 
difference being of the order 2 per cent. It is found 
that dispersion for all these specimens remains 
practically the same. 
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The ‘OH’ quality was _ir- 
radiated by neutrons in the 
APSARA reactor (Trombay) by 
the courtesy of the Indian 
Atomic Energy Commission. The 
integrated neutron flux hours were 
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47 x 10" neutrons/cm.?. The 
specimen was coloured violet- 
brown after irradiation. The 


variation of C with wave-length 
for the irradiated specimen is 
represented by the broken curve in 
Fig. 1. It is found that neutron 
irradiation increases the value of 
the stress optical coefficient. At 
5000 A. the increase amounts to 1-7 
per cent, while at 2500A. it is 
about 2-9 per cent. The trend of 
the curve for the neutron-irradiated 
specimen appears to be different from that of ‘OG’ 
quality. 

The colour of the neutron-irradiated specimen was 
partly bleached by exposure for about twelve hours 
to ultra-violet radiation (A 2536). The resulting 
specimen did not exhibit any appreciable variation 
of the stress optical coefficient from the unbleached 
specimen. 

Thus it is seen that the observed values of C for 
any particular wave-length are different for different 
specimens of fused quartz. This could only be due 
to three factors, namely, the variation from specimen 
to specimen of (1) refractive index, (2) homogeneity 
and (3) impurity. 

According to the Thermal Syndicate, the difference 
between ‘OG’ and ‘OH’ quality lies only in the 
homogeneity of the specimens—‘OH’ being more 
homogeneous than ‘OG’—and not in a difference in 
the impurity content. The specimen employed in our 
earlier investigation! is less homogeneous than the 
present ‘OG’ quality. Besides, the variation in 
refractive index between ‘OG’ and ‘OH’ quality is 
of the order of two units in the fourth decimal place. 
This cannot account for the observed difference in 
the variation of C. Therefore the difference in the 
stress optical coefficients of the specimens must be 
due to the variation in the homogeneity of t he different 
specimens. An improvement in the homogeneity 
decreases the value of C for any particular wave- 
length and vice versa. 

Intense neutron irradiation changes the refractive 
index of fused silica slightly*. For the neutron 
dosage employed here, the change in the refractive 
index will be too small to account for the observed 
effect on the stress optical coefficient. It is possible 
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that neutron irradiation causes a decrease in the 
homogeneity of the ‘OH’ quality specimen and this 
might explain the increase in the stress optical 
co-efficient following irradiation. 

We wish to thank Dr. G. E. Stephenson, 
of the Thermal Syndicate, Ltd., for the information 
concerning the refractive index and homogeneity of 
the specimens, and the Indian Atomic Energy Com- 
mission for the neutron irradiation. 

R. 8. Krisonan 
E. 8. Joe 
R. SRINIVASAN 


No. 4610 


Department of Physics, 
Indian Institute of Science, 
Bangalore, 3. 


1 Jog, E. 8., and Krishnan, R. 8., Nature, 179, 540 (1957). 
8 Primosby Fuchs, L., and Day, P., J. Amer. Ceramie Soc. , 38; 185 
1955). 


An Improved Orientation Stage for 
Microscopic Optical Crystallography 

A PRELIMINARY description has been published! of 
an accessory to the polarizing microscope embodying 
novel principles which allow a full range of optical 
qualitative studies, quantitative measurements, and 
refractive index determinations to be carried out 
simply and accurately on diverse crystalline material 
such as well-developed crystal individuals, fragments, 
and sectioned aggregates. The crystal occupies the 
centre of a glass sphere, formed of two easily detach- 
able segments, which has complete freedom of 
rotation about its centre, thus allowing the conoscopic 
or orthoscopic phenomena to be observed for any 
desired direction of transmission within the crystal. 
Morphological and optical data representing axial or 
planar directions within the crystal, as, for example, 
the optic axes, are adjusted to the cross-hairs and 
recorded by an automatic plotting device in their 
equivalent positions on the outer surface of the 
sphere. Simple great circle and polar relationships 
only are involved, and the angular data plotted upon 
the surface of the sphere is measured on @ vernier to 
one-tenth of a degree, on the periphery of a single 
horizontal graduated circle. 

Owing to refraction by the glass of the sphere, 
however, quantitative data so plotted are subject to 
correction and re-plotting to yield the true undeviated 
direction and angular values within “he crystal. The 
necessity for this correction has be... « w successfully 
overcome by a modification of 1 ere, described 
below, which greatly simplifies ;». sedure. 

In the original design, a given ray, traversing the 
crystal, is refracted upon meeting the plane surface 
of the upper segment, the direction of the new path 
depending on both the angle the ray makes with the 
normal to this plane surface, and the difference 
between the refractive index of the given ray and 
that of the glass. 

The purpose of the new sphere design is to eliminate 
deviation and the need for correction, and this is 
accomplished by providing the upper segment with 
a small hemispherical hollow truly concentric with 
the outer spherical surface of the segment. Pro- 
vided the refractive index of the immersion liquid 
within the hollow and surrounding the crystal 
is equal to that for the transmitted ray within 
the crystal, the ray suffers no refraction, being 
always normal to the hollow spherical surface, and 
therefore points of emergence of optical directions 
recorded on the sphere occupy their true positions. 
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The sphere, inscribed with the labelled directional 
data, becomes an accurate model of the crystal, 
depicting the optical indicatrix within its mor- 
phological scaffold. True cardinal directions are 
presented for principal refractive index observations 
by the immersion method, and the optical situation 
is clearly illustrated, facilitating complete determ- 
ination of the specific characteristics of the crystal. 
In order to confine the immersion liquid to the 
centred grain under observation, independent of the 
attitude of vuhe sphere, and also to facilitate the 
change of liquids in refractive index determinations, 
the upper segment is provided with a shallow annular 
trough surrounding the hollow, the resulting surface 
tension effects causing the preferential retention of 
the liquid at the centre, surrounding the crystal and 
filling the hollow. Only one sphere, of ordinary 
serviceable low refractive index glass, is needed to 
cover the whole range of crystal substances. 

The advantage of the improved sphere is also 
applied to the projector for interference figures*, and 
the phenomena observed by normal vision upon the 
screen occupy their undeviated positions, giving true 
readings for optic axial angles and other relationships. 

The simplicity of operation of these instruments 
may extend the application of optical studies in 
fields where the complexity of other methods has 
been a hindrance. An experimental model of the 
orientation stage is being developed by Messrs. James 
Swift. 

H. C. G. Vincent 
Department of Mineralogy and 
Geology, 
University of Cape Town. 
Dec. 9. 
1 Vincent, H. C. G., Min. Mag., 30, 513 (1954). 
* Vincent, H. C. G., Min. Mag., 30, 666 (1955). 


Triboelectricity and Electron Traps in 
Insulating Materials : Some Correlations 


THE contact electrification between metals has been 
explained by Harper! in terms of electron transfer 
due to the difference of work function of the metals, 
but the frictional charge on insulating materials 
is not so easily explained. Frenkel? has suggested 
that the friction develops high temperatures locally 
and instantaneously so that electrons in the full 
band in the insulators can be excited to the con- 
duction band and may then be transferred and 
trapped in impurity levels on the surfaces. Vick* 
and Gonsalve‘ also postulated the existence of surface 
electron levels and assumed that the electron transfer 
between insulators is determined by the differences 
in energy of these levels’. Fowler*,” has investigated 
the detailed distribution of electron traps in a number 
of insulators by measuring the conductivity induced 
by X-rays. We have carried out the measurement 
of triboelectricity on the same materials that were 
used in the study of X-ray induced conductivity*, in 
order to investigate the correlation, if any, between 
triboelectricity and the distribution of electron traps. 
These distributions had been derived from measure- 
ments of predominantly volume conductivity ; but 
the effects of surface traps could not be excluded. 

The specimens were carefully cleaned with alcohol, 
and surface static charges were eliminated by the 
ionic atmosphere of a gas flame. Two specimens 
were rubbed lightly together and each rubbed curface 
was presented in turn to the measuring electrode, 
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Table 1 
Poly- Poly- Poly- PMMA PMMA 
PTFE | ethylene | styrene styrene | Moulded | Natural (plast- PMMA | (unplast- Mica 
(U.8.A.) | (British) amber amber icized) (red) i ) 
Polyethyh + . = ‘ . = : 
olyethylene - _ - ~ - = _ 
Polystyrene (U.S.A.) + + _ - - - - - - 
Polystyrene (British) + + + - - - - - - 
Moulded amber + + oe 7 _ = ass aig baa 
Natural amber + + + + + - - - - 
PMMA (plasticized) + + + + + + - - - 
PMMA (red + + + + + + 4 = - 
PMMA (unplasticized) + ~ ~ os ~ - ~ + - 
Mica + + + + + + - = 








PTFE = Polytetrafiuoroethylene. 


which was connected to the grid of an ET3 electro- 
meter triode in a bridge circuit. The measurement 
of absolute value of the charge was abandoned 
because of the different shapes of specimens. The 
signs of the surface charges were, however, readily 
determined, and the specimens could be placed in a 
well-defined triboelectric series as illustrated in Table 
1. The positive or negative sign in Table 1 indicates 
that the material in the left-hand column is charged 
with that sign when rubbed against the material in 
the top line. 

The order of the substances given in Table 1 by 
virtue of their triboelectric properties may be com- 
pared with the order of the same substances given 
in ref. 6 by virtue of the shape of the distribution of 
traps, where they were listed in order of progression 
from ‘exponential’ distributions of traps to ‘uniform’ 
distributions. The shape of distribution was defined 
by the parameter 7', in the relation 


Mrdg = Aeoxp(— E/kT,) dz 


where Mz, is the number of traps between EH and 
E +d in depth (energy). When 7’, is small, approach- 
ing room temperature, the distribution will be steeply 
exponential. This is merely a formalized way of ex- 
pressing the physical condition that there are many 
more shallow traps than deep ones, and it may 
apply only over a limited region of energy-depth. 

Table 2 gives the values of 7’, for the substances 
listed in the same order as Table 1. In addition, a 
parameter H, is given, representing an approximately 
exponential factor in change of conductivity with 
temperature when. free electrons are being produced 
by X-rays. H, was related to 7', by the measured 
dependence of induced current upon X-ray intensity*. 
In addition, the total number of traps, M per cm..’, is 
given: for the materials with low values of 7', only 
a lower limit of M could be derived. While the 
correlation has some anomalies, particularly for un- 
plasticized polymethylmethacrylate, it appears that 
in general the substances at the negative end of the 
triboelectric series are those with the largest values 
of 7',, that is, the most uniform distributions of traps 
and the smallest numbers of traps per cm.°. 


Table 2 
Substances in order 
of triboelectric sign T,(° K. x 10°) Ez (eV.) M 
ve 

Polytetrafiluoroethylene 0-58 05 10” 
Polyethylene 14 0-35 10” 
Polystyrene (United States) 0-9 0-18 10** 
Polystyrene (British) 0-5 0-44 10” 
Moulded amber 10 0-06 10** 
Natural amber q 10 0-22 10** 
Polymethyime:hatrylate (plasticized) 10 0-1 10** 
Polymethy!methacryla' y 0-07 10” 
Polymethylmethacrylate (unplasticized) 0-41 0-5 10" 
0-18 10** 


Mica 55 
Positive 


PMMA = Polymethylmethacrylate. 


It may be tentatively suggested that the partition 
of electrons between two substances is determined 
as follows: free electrons are produced when the 
substances are rubbed together, either by abrasion 
processes not yet understood or by local heating, 
and these free electrons are then shared between the 
traps of both substances, so that the substance with 
the greater number of traps below the Fermi limit 
will accept the greater number of electrons, becoming 
negatively charged. It would be expected that sub- 
stances with an ‘exponential’ distribution, having a 
greater number of traps, should become negatively 
charged. The experimental evidence appears to con- 
firm this expectation in general. 

It should be emphasized that this conception is 
very crude and is only an attempt to explain the 
order of a particular triboelectric series from some 
previously determined trap distributions. The con- 
ception differs in detail from those mentioned in 
the introduction. 

We wish to express our thanks to Dr. R. W. B. 
Stephens for his interest in this work and Dr. 
F. T. Farmer for providing the specimens. One 
of us (E.F.) expresses his appreciation to the 
British Council for granting him the scholarship 
during the tenure of which this work was carried 
out in the Department of Physics, Imperial College 
of Science and Technology, London. 


E. Fuxapa* 
J. F. FowLer 
Physics Department, 
King’s College Hospital, 
London, 8.E.5. 
Dec. 24. 
* On study leave from the Kobayasi Institute of Physical Research, 

Kokobunzi, Tokyo. 

‘1 Harper, W. R., Proc. Roy. Soc., A, 205, 83 (1951). 

* Frenkel, J., J. Phys., 1, 25 (1941). 

* Vick, F. A., Brit. J. App. Phys., Supp. No. 2, 1 (1953). 

* Gonsalve, T. E., Text. Res. J., 28, 711 (1938); 24, 1 (1954). 

* Fukada, E., J. App. Phys. Japan, 24, 206, 255, 299, 341 (1955). 

* Fowler, J. F., Proc. Roy. Soc., A, 236, 464 (1956). 

* Fowler, J. F., and Farmer, F. T., Nature, 178, $17 (1954). 


Observation of Metal Sections by means 
of the 300-kV. Electron Microscope 


FERNANDEZ-MoRAN’' has reported the preparation 
of ultra-thin sections of metal, and showed electron 
micrographs and diffraction patterns of sections of 
pure germanium used for transistors. He cuts the 
metal with the Moran ultra-microtome equipped with 
a diamond knife. 

We have cut aluminium, copper and steel with 
an improved Minot-type microtome equipped with 
a Latta-Hartman type glass knife, and observed the 
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Fig.1. Aluminium 





Fig. 3. Carbon steel 


sections by means of the 300-kV. electron microscope?. 
The feeding mechanism of the microtome has been 
improved to give sections of 0-5 micron. The glass 
knife is set on the microtome with the cutting angle 
at about 50°-60°. The edge of a knife which has the 
cutting angle smaller than 50° is apt to be broken 
in the course of cutting. A relatively slow cutting 
speed is necessary to obtain sections. A small 
specimen of about 1 mm. X 1 mm. x 5 mm. is em- 
bedded in methacrylate resin to hold the specimen, 
and the sections are floated off the knife on the surface 
of 40 per cent ethanol or watchmakers’ oil. 

Even the 300-kV. electrons do not penetrate 
sections of 0-5 micron sufficiently, so the section is 
thinned by etching in hydrochloric acid or potassium 
cyanide. The etching may also serve to remove the 
residual strain in the sliced sections. 

Fig. 1 shows the electron micrograph and diffraction 
pattern of a section of aluminium single crystal. 
Many lines and steps can be observed, which seem to 
correspond to the deformation of the crystal due to 
the non-uniformity or vibration of the knife edge. 
This fact is in contrast with the net-like diffraction 
pattern with Kikuchi patterns. Hence the section 
looks morphologically irregular in the electron micro- 
graph, but crystallographically regular in the 
diffraction pattern. 

Fig. 2 shows pictures of @ section of copper. As 
in the case of aluminium, the diffraction pattern is 
from a relatively regular crystal, contrasting with 
the irregular shape in the electron micrograph. The 


NATURE 


695 


diffraction pattern illustrates the oriented deformation 
of the crystal. 

Fig. 3 shows pictures of a section of 0-1 per cent 
carbon steel. In this case the section is so thick that 
detail is not shown in the micrograph. The diffraction 
pattern, however, is clear enough to identify the 
specimen. 

Hipretsueu TsucHIKURA 
Ke1 IcHIGE 
Hitachi Central Research Laboratory, 
Kokubunji, Tokyo. 
1 Fernandez-Moran, J. Biophys. Biochem. Cytol., 2, 29 (1956). 
* Tadano, B., and Sakaki, Y., et al., J. Electron Microscopy, 4, 5 (1956). 


Rapid Assessment of Surface Radioactive 
Contamination 


WHEN radioactive contamination occupies an 
extended area, as, for example, the surface of labora- 
tory benches, its determination by the usual method 
of 8-ray counting is tedious and is relatively not 
precise. However, the activity can be assessed in 
this case by a very simple, fast and sensitive method 
—the discharge of a conductor. The loss of charge 
of a conductor is due to the aerial ions of opposite 
sign generated by ionizing radiations, and the method 
of the discharge of a conductor has formerly been 
used for routine measurements of atmospheric 
conductivity’. I can give here only a very brief 
account of this method, which is based on the relation 
between the charge Q on a conductor and rate of 
loss of charge, given by Coulomb? : 


dQ/dt = —aQ (1) 


It can be easily shown that the constant a of 
Coulomb’s equation is equal to 4rnw, n being the 
number of ions per cm.* of air surrounding the 
conductor and w their mobility in the electric field. 
From (1) we finally get the relation : 


n = Kit (2) 


where K is a constant implying the capacity constants 
of the measuring device, and ¢ the time which 
corresponds to the drop of potential from V, to V;. 
The validity of (2) supposes that V», V; and w do 
not vary during the experiment, a condition prac- 
tically always fulfilled for laboratory measurements. 

When the ionizing radiation produces q ions of 
one sign per sec. per cm.* then the total number of 
ions per cm.? of air is given by the equation : 


nm = (g/a)*! (3) 


where « is the recombination coefficient for small ions, 
in our measurements a constant. The rate of ion- 
production q is proportional to the intensity J of 
ionizing radiation. When the source of this radiation 
is a radioisotope deposited on a plane surface with 
the activity A, per square cm. and the respective 
intensity of radiation J», we can put, according to (2) : 


ti ~A,}!? ~ J)! (4) 


The validity of (4) was tested with phosphorus-32 
and strontium-90 +yttrium-90. A circular filter paper, 
with diameter 98 cm., was uniformly impregnated 
with the radioactive solution of which the activity 
was 33-8 uc. (4-48 x 10-* uc./em.*) for phosphorus-32 
and 59-3 uc. (7-85 x 10-* uc./em.*) for strontium-90 
and yttrium-90. The time ¢ was determined for 
various distances x of the charged conductor from 
the active surface and the respective values of the 
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intensity J, of B-radiation were computed from the 
well-known absorption relation of King? : 
Jz = —tJ dl Hi(—ya) — Bi(—pr)] (5) 

In this equation » is the absorption coefficient of 
the §-rays in air, x the minimum and r the maximum 
distance of the centre of the conductor from the 
active surface and Hi the exponential integral. Since 
the expression in front of the brackets in (5) is 
constant for a given experiment, J, is determined by 
the difference of the two exponential integrals. The 
results obtained for phosphorus-32 are shown in 
Fig. 1. Within the limits of accuracy of this method 
(about 15 per cent) the curves reduced to the same 
origin agree very well. The parallel course of the 
two curves proves that the validity of (3) is not 
markedly impaired by the presence of large ions 
formed from the condensation nuclei. This fact is 
partly due to the weak electric field being unable to 
carry the large ions on the con- 
ductor to any considerable extent, 
and partly to the formation of 
these ions, governed by a relation 
similar to (3). 

A simple measuring device has 
been used: the conductor, a 
piece of insulated aluminium wire 
(length about 9 cm., diam. 0-1 
cm.), is screwed on the charging 
contact of a routine protection 
pocket electrometer of the stylo 
type. For current measurements 
the electrometer is supported by 
a very light wire frame in the 
form of two parallel letter X’s 
connected by a cross wire. Sud- 
den changes of the capacity of 
the exposed wire caused by the 
approach of a hand or a head 
to the microscope have no last- 
ing effect on the reading of 
the electrometers. The fibre 
is deflected but returns imme- 
diately to its original position. 

The conduetor method is very 
sensitive because the measured 
value, n, varies with the square £ 
root of the activity. So for 


1(a) 


1(6) 
Fig. 1. 
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the previously mentioned sample of phosphorus-32 
t had the value of 9-23 sec. for x = 20 cm., Vy, = 
145 V. and V; = 120 V. Since at the same time 
t for the natural background was about 1,200 sec., 
it is obvious that a specific activity as low as 10-* uc. 
per em.* can be easily detected. Analogous figures 
have been obtained for strontium-90 and yttrium- 90, 
which suggests a simple method for the continuous 
registration of radioactive atmospheric fall-out from 
nuclear tests. 

A detailed account of this work will be published 
elsewhere. I am indebted to Mr. Koéi, Mrs. 
Majerové and Mrs. Zelenkova of the Institute of 
Nuclear Physics for their collaboration. 

F. BEHOUNEK 
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Charles University, 
Faculty of the Technical and 
Nuclear Physics, 
Prague 1, Brehové 7. Dec. 22. 
. a J. A., “Atmospheric Electricity” (Clarendon Press, Oxford, 


* Coulomb, C. A., Mém. de Il’ Acad., Paris, 616 (1795). 
* King, L. V., Phil. Mag., (2), 23, 242 (1912). 


Electrical Discharges between Coaxial 
Electrodes 

Luminous corona discharges occur when transient 
voltages, lasting about a microsecond, are applied 
between a wire and a small coaxially mounted ring 
in air. I have photographed these discharges and 
find that their shapes differ with the polarity of the 
electrodes. When the wire is made the negative 
electrode the discharge has the form of diffuse tufts, 
which are grouped around the wire into. a roughly 
symmetrical brush; when positive, the discharge 
occurs in radial filaments (Figs. 1 and 2). Viewed 
along the axis the shape of a corona discharge 
resembles the Lichtenberg figure corresponding to 
the same polarity, which is produced by a discharge 
in air on an insulating surface between concentric 
electrodes! (Figs. 3 and 4). 


2(a) 3 


2(6) 7s a 


tive, (b) positive. Fig. 2. Axial views of wire: 
(a) negative, (b) positive. Fig. 3. Thehtenbere figure, negative inner electrode. Fig. 4. 
Lichtenberg figure, positive inner electrode . 
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Ratio A/a (radius of outer electrode = A = 8-25 cm, 
Fig. 5. Impulse spark-over voltage as a function of radius, a, 
of inner electrode 

It appears from the photographs that the impulse 
corona forms a sheath around the negative wire, but 
has no such effect when the wire is positive. The 
form of the relation between wire-radius and impulse 
spark-over voltage in a system of coaxial cylinder 
and wire*® (Fig. 5) is consistent with the assumption 
that a sheath, which protects the system against 
spark-over, is also formed in that geometry around 
the negative wire. The protection is greater than 
would be afforded by an extension of the wire-radius, 
which merely reduced the electric field; such an 
extension could raise the spark-over voltage no 
higher than the peak at A/a = 3-6 (Fig. 5). 

Differences of impulse spark-over voltage with 
polarity are observed not only in coaxial electrode- 
systems but also in many others, the value being 
almost always higher when the electrode at which 
the stress is greater has negative polarity®. It is 
surmised that protection of negative electrodes by 
impulse corona which precedes spark-over may be 
a general effect. 

J. 8. T. Looms 
Electricity Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
Nov. 12. 

' Merrill and von Hippel, J. App. Phys., 10, 891 (1939). 
* Looms, Report to B.H.A.I.R.A., S/B/7'.124 (1955). 
’ Bellaschi and Teage, Elect. Eng., 58, 1638 (1934). 
* Bowdler and Standring, J. Inst. Elect. Eng., 88, 11, 5 (1941). 


Distribution of Radioactivity in Rocks 
and Minerals, and the Effect of Weather- 
ing on Determinations of Uranium 


In determining the uranium content of a series 
of rocks for the purpose of studying its geochemical 
behaviour, difficulties are often encountered because 
of the loss of uranium by leaching. In some cases it 
is almost impossible to ascertain whether or not a 
rock has been affected by leaching. Late-stage 
hydrothermal activity will remove (by solution) some 
uranium, but in addition to this a certain amount is 
removed by weathering. Because of the. hetero- 
genous distribution of uranium in acid rocks (for 
example, granites), the effect of hydrothermal solu- 
tions, mineralization and variations in uranium and 
thorium ratios, the geochemical behaviour of uranium 
is best approached by studying more homogeneous 
rocks, in particular basaltic types. 

Adams! notes that the alpha-particle activity 
(as determined by scintillation counting) of a 
series of rocks when plotted against the uranium 
content gives rise to @ linear plot. This indicates 
that the uranium-thorium ratio in the rocks studied 
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was constant. In the Lassen Peak series studied 
by Adams, weathered rocks and mud flows did not 
show such a well-defined correlation of activity to 
uranium content. I have also observed (with a series 
of differentiated basic rocks, basalts, granophyres 
and granites) that a linear relationship exists between 
the uranium content of a rock and the alpha-particle 
activity (as determined by nuclear emulsion tech- 
niques). In the case of some basic rocks studied 
(uranium content, 0-05-1 p.p.m.) the uranium con- 
tent of weathered samples is decreased by a factor 
of 30-50 per cent, but the linear relationship still 
holds. This indicates that some thorium was prob- 
ably removed together with the uranium. In addition, 
there is apparently no separation of uranium and 
thorium towards the end of the differentiated series 
studied. This supports Adams’s! view, and not 
those of Kirsch and Hecht*, who believed that the 
process of differentiation would separate uranium and 
thorium. In order to undertake a more compre- 
hensive study it is necessary to determine the total 
uranium and thorium content of weathered and 
unweathered samples. Unfortunately it is difficult 
to determine small amounts (< 10 p.p.m.) of thorium 
satisfactorily. 

The distribution of radioactivity in the major 
rock-forming minerals has been fairly well established 
by Picciotto* and me*. There is no preferential 
increase of importance in the major minerals such as 
felspar, pyroxene olivine and quartz. Significant 
increases of radioactivity occur only in the accessory 
minerals such as zircon, epidote, orthite, sphene, 
xenotime, apatite and others. The distribution of 
radioactivity in intercrystal areas is very sporadic. 
A study of this intercrystal radioactivity is best 
approached by using nuclear emulsions; but even 
then it is possible that this loosely bound inter- 
crystal material containing uranium and thorium 
may be partly removed during the preparation of 
thin rock sections. Another method of determining 
the easily leached radioactivity is by refluxing a 
rock sample with dilute acids, as described by Brown‘. 
Great care must be exercised when carrying out 
such experiments, as radioactive minerals such as 
uraninite may be present. Deutsch® has described 
the presence of uraninite in the Baveno granite while 
I have observed it in the granites of Dartmoor and 
Shap. . 

While isolated intercrystal material containing 
radioactive elements may be totally removed by 
weathering by solutions percolating along cracks, this 
is not comparable to the weathering of such radio- 
active minerals as xenotime, monazite, uraninite, 
thorite, epidote, orthite and fergusonite. In the 
‘iron stain’ halo surrounding these minerals it is 
observed that considerable amounts of radioactivity 
are present. On a smaller scale altered minerals often 
contain the bulk of the radioactivity on ferruginous 
secondary material. It is of interest to note that in 
the case of some preliminary studies carried out on 
the radioactive minerals of Norwegian pegmatites, 
the mineral may contain a certain percentage of 
uranium and thorium and be surrounded by a radio- 
active ‘iron halo’, while the surrounding felspar emits 
as much radioactivity as that present in the felspar 
of an oceanic basalt. 

Finally, the distribution of radioactivity in a single 
mineral stili involves a consideration of the radio- 
activity both within the body of the mineral and that 
present in cracks. Unfortunately, even with long 
exposures using nuclear emulsion techniques, it is 
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difficult to determine these two factors on ‘normal’ 
zircons in @ granite. Zircons are of particular interest 
as they are so widely used in age determinations. A 
study of zircons from Great Britain, Norway and 
Ceylon indicates the following. 

(1) A zonal distribution of radioactivity in zoned 
specimens. 

(2) Presence of highly radioactive point sources 
perhaps due to submicro inclusions of a very radio- 
active material or aggregates of radiocolloids. 

(3) Either: (a) homogenous distribution of radio- 
activity ; (b) increase of radioactivity in central 
areas of a crystal; (c) increase of radioactivity in 
peripheral regions. 

(4) In zircons in particular as much as 50 per cent 
of the total radioactivity may be present in iron- 
stained intra-crystal cracks 

In conclusion, it has been observed that : 

(1) A plot of total alpha-particle radioactivity 
against uranium content can indicate whether or not 
the uranium thorium ratio is constant, and the effect 
of weathering on the ratio. 

(2) The radioactivity of the major rock-forming 
minerals is essentially constant. 

(3) Weathering can lead to a loss of about 50 per 
cent of the total radioactivity and sometimes up to 
50 per cent of the uranium content. 

(4) The distribution of such rare accessory minerals 
as uraninite and thorite may be far more common 
than realized. The presence of such minerals prevents 
the determination of purely intercrystal radioactivity 
by acid-leaching studies. 

(5) In some accessory and even major minerals 
appreciable amounts of radioactivity may be present 
in ‘iron halos’ surrounding the mineral and on cracks 
within the mineral. The radioactive material in such 
locations is easily leached. 





E. Hamiron 
Radiochemical Laboratory, 
Mineralogical Museum, and 
Geological Survey of Greenland, 
Denmark. 
Adams, J. A. 8., Geochim. et C him. Acta, 8, 74 (1955). 
? Kirsch, G., and Hecht, F., Z. anorg. allgem, Chem., 286, 157 (1938). 


* Proto: E., Bull. Soc. Belge Geol. Paléont. et Hydrol., 59, 170 


‘ Hamilton, E., thesis, Oxford (in process of publication, 1957). 
* Brown, H., et al., Bull. Geol. Soc. Amer., 64, 7, 1460 (1953). 
’ Deutsch, S., Eaperientia, 12/9, 8383 (1956). 


Thermal Stability of 
Polytetrafluoroethylene 


POLYTETRAFLUOROETHYLENE is notable among 
addition polymers for its high thermal stability. 
It decomposes at temperatures above about 400° C. 
to give tetrafluoroethylene as primary product’. It 
seems possible to account for this high stability in 
thermodynamic terms. A useful, though arbitrary, 
measure of the ultimate stability of a polymer, or 
more correctly of its free radical form, with respect 
to its monomeric precursor, is the temperature at 
which a particular pressure of monomer is supported 
over the polymer. This is given by? : 


Ts = AH gel ASge 


where AH,, and ASge are the heat and entropy of 
polymerization for the chosen monomer pressure at & 
suitable temperature, conveniently taken as 25° C. 
in most cases, Thus the ultimate stability is de- 
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termined by the heat of polymerization of the mono- 
mer (which is in the range —16 to —25 kcal./mole 
for most monomers), and the entropy of polymeriza- 
tion (which increases with the molecular weight 
and complexity of the monomer). The heats of 
formation of tetrafluoroethylene and of its polymer 
(—152 keal./mole* and -—199_ kcal./tetrafluoro- 
ethylene mole unit‘, respectively) give the heat of 
polymerization of tetrafluoroethylene as about —47 
keal./mole. The entropy of polymerization at 67° C. 
(which temperature is chosen to avoid anomalies 
resulting from the second-order phase transition of 
the polymer at room temperature), derived from the 
measured entropies of monomer® and polymer‘, is 
about —45 entropy units/mole for one atmosphere 
pressure of monomer. These compare with the values’ 
AH ge = —24-7 keal./mole and ASge = —37 e.u./mole 
for ethylene at 25° C., and account for the strikingly 
greater thermal stability of tetrafluoroethylene. 

Thermochemical considerations suggest that other 
olefines containing the =CF, group will have heats 
of polymerization greater than those of better-known 
olefines, but lower than that of tetrafluoroethylene. 
The ultimate stabilities of polymers derived from 
these olefines will therefore be intermediate between 
those derived from normal olefines and from tetra- 
fluoroethylene. In practice, however, the polymers 
may be less stable than these thermodynamic con- 
siderations suggest, since they may decompose more 
readily into other products. Examples are poly- 
vinylidene fluoride and polytrifluoroethylene, which 
yield hydrogen fluoride as the first decomposition 
product'. 

C. R. Parrick 
Chemistry Department, 
University of Birmingham. 
Jan. 2. 
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Paper Chromatography of the Polycyclic 
Tar Hydrocarbons 


Wuatman No. 4 filter paper impregnated with 
10 per cent paraffin oil, and methanol saturated 
with paraffin oil (prepared by shaking methanol with 
paraffin oil in a separating funnel) as the ascending 
mobile phase, were found suitable for paper chromato- 
graphy of the polycyclic tar hydrocarbons (for others, 
see ref. 1). 

The paper was impregnated by dipping it into a 
10 per cent petrol-ether solution of paraffin oil, 
quality as in “Pharmacopoea Bohemoslovenica” 
(second edition), and by evaporating the petrol-ether 
during 15 min. The technique of paper chromato- 
graphy employed is already adequately described’. 
After developing the chromatogram for about 4 hr. 
(30 cm. from the front to the starting point is suffi- 
cient), it was possible to see characteristic fluor- 
escence spots under ultra-violet light. 

The average Ry values and their colour under 
ultra-violet light, both of control substances and of 
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Table 1 
‘ Re 
Order Re Fluor- (Coal 
of Control (con- | escence* tar Notes* 
spots | compound | trol) (Cc, T) com- | 
pound) | 
—_— a | 
1 | Violet 0-60 
2 Greenish- 0-50 | In excess only 
grey 
Anthracene | 0-43 Violet spot sep- | 
3 Phen- Violet 0-44 | arating from | 
anthrene | 0-41 following green ; 
| 
4 | Pyrene 10-36 | Green 0-38 | 
5 0-34 | Blue-violet® Chrysene(C) | 
Chrysene} | Yellowish- | 0-32 | Possibly 1,2- | 
6 | 0-31 | green benzanthra- | 
cene (C, 7) 
7 | 3,4 Benz- 0-28 | Violet 0-28 | 
| pyrene i 
8 |1,2,5,6 Di- | 0-254] Violet 1,2,5,6 Dibenz- | 
| benz- anthracene (C) 
anthra- 0-252 | Yellowish- | 0-25 | Possibly 1,2,7,8 
| cenet | green dibenzanthra- 
cene (C,7'). The 
second is con- 
centric with 
the first (C) 
| in excess only 
| 9 Violet 0-21 | Possibly coron- 
| | ene (7') 
10 | 0-20 
11 | | 0-18 | These spots are 
12 | White- 0:16 not always so 
13 | bluish 0-14 | well separated 
14 0-12 | (7) 
15 | | 0-10 
| | This forms the 
| first of the yel- 
| | low series 
16 | Yellow 0-09 | which will be 
| developed in a 
different sol- 
| | | vent system (7) 














* (C) refers to control compound ; (7’) refers to coal-tar compound. 
+ Two spots due to an impurity in the control compound. 


the spots obtained from coal tar with the phenols 
and nitrogen compounds removed (by shaking a 
cyclohexane solution of the tar with 2 N aqueous 
potassium hydroxide, and, after rejecting the 
aqueous layer, with 2 N sulphuric acid), are shown 
in Table 1. 

I am grateful to Prof. Jan Sula, of Prague, for the 
control compounds. 

Ernest Mary 


Ustav hygieny prace a choréb z povolania, 
Bratislava, Czechoslovakia. 
Oct. 11. 


? Tarbell, D. 8., Brooker, E. G., Vanterpool, A., Conway, W., Claus 
Cc. J., and Hall, T. Zi; J. Amer. Chem. Soc., 77, 767 (1955). 

* Hais, J., and Macek, K., ‘“‘Papfrov4 chromatografie’, 83 (Prague, 
1954). 


Carbohydrases in the Sugar-Gland Juice of 
Cryptochiton (Polyplacophora, Mollusca) 


ALTHOUGH considerable work has been done on the 
digestive enzymes of snails and mussels’, very little 
is known about those of the marine chitons. Fretter, 
working with the two British species, Lepidochitona 
cinereus Gray and Acanthochitona crinitus Gray, has 
reported® that the fluid in the sugar gland (a pouch- 
shaped organ connected with the cesophagus) hydro- 
lyses starch, with a pH optimum at 5-6, and glycogen, 
with a pH optimum at 6-4-6-8. 

In 1956, we studied the enzymes in the sugar-gland 
juice of the giant chiton, Cryptochiton stellert Midden- 
dorff, which is common along the Pacific coast of the 
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Fig. 1. Absorption spectra of different samples of C’ 

sugar-gland juice. The peaks indicated by the arrows (sample A) 
coincide exactly with those of phycoerythrin R. The peak at 
680 my is probably caused by the presence of a chlorophyll 


United States. In most cases the juice, which can 
be obtained in considerable quantities, is salmon- 
coloured ; examination in the spectrophotometer 
reveals, very surprisingly, that phycoerythrin FR is 
often present, while chlorophylls, such as chlorophyll 
D, may also occur (Fig. 1). The conclusion that the 
animal feeds largely on seaweeds is confirmed by the 
observation that large pieces of green, red and brown 
algae, including whole ‘branches’ of the hard coralline 
algae, can be found in the intestinal tract. A study of 
the mobilization of the algal carbohydrates by the 
chiton is imperative not only because of its intrinsic 
interest but also because of its ecological and bio- 
chemical implications. 

Thus far, the following substrates were found to be 
hydrolysed energetically by the juice: starch, gly- 
cogen, laminarin, sodium-alginate, xylan from the 
red alga, Rhodymenia palmata ; cellulose and substi- 
tuted celluloses, cellopentaose, cellotetraose, cello- 
triose, cellobiose, maltose, <somaltose, panose, turan- 
ose, salicin, «- and B-methyl glucoside, and melezyt- 
ose. Agar is probably attacked by two enzymes in 
the juice ; one of these modifies the iodine reaction, 
whereas the other causes this reaction to disappear 
completely. Moreover, a drop in viscosity under the 
influence of the juice could be observed in very weak 
agar solutions after a few days. Weak or doubtful 
activity was displayed towards gentiobiose, fucoidin, 
tunicin and bacterial dextran; no hydrolysis took 
place in the cases of sucrose, trehalose, lactose, meli- 
biose, stachyose, raffinose and inulin. The pH 
optima for the hydrolytic actions were generally in 
the vicinity of pH 5 (Fig. 2), which is the natural pH 
of the sugar-gland juice ; cellulase, which seems to 
have a somewhat lower pH optimum (Fig. 3) forms 
an exception. 

Thus «- as well as 8-glucosidic 1 : 4 linkages between 
glucose residues (starch, glycogen, cellulose) and 6 
1:3 li between such residues (laminarin) can 
be broken. The evidence on « | : 6 linkages between 
glucose residues is less conclusive ; from the fact that 
isomaltose is hydrolysed with ease and that almost 
all the glucose theoretically expected is formed in the 
breakdown of starch (which has some 1 : 6 linkages) 
one must conclude that they are hydrolysed, but on 
the other hand the breakdown of bacterial dextran 
(which has an abundance of « 1 : 6 bonds) is very 
slow. 
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Some sugar-gland enzymes show synthetic as well 
as hydrolytic properties. For example, in digests 
with turanose, evidence was obtained for the transient 
occurrence of a new sugar with a slightly lower Ry 
value than turanose, and in isomaltose digests there 
were clear indications of trisaccharide formation. 

The invulnerability of trehalose, sucrose and 
inulin is remarkable in view of the fact that these 
substances have been reported as constituents of 
blue-green algae (trehalose) and Dasycladales (sucrose, 
inulin), respectively. It is obvious that information 
on the activities of other parts of the digestive tract 
of Cryptochiton is needed. Most experiments were 
performed on the sugar-gland amylase, which was 
shown to be a true a-amylase, activated by halide 
ions (Fig. 4); it is able to digest native Codium- 
starch, and acts in conjunction with a powerful 
maltase. The pH optima for the breakdown of 
starch and of glycogen are identical. Some purifica- 
tion of the amylase could be achieved by procedures 
involving ammonium sulphate fractionation, adsorp- 
tion on native potato starch and elution with weak 
ammonium phosphate solutions. The origin of the 
sugar-gland ei.zymes is not clear; they may be 
produced by symbiotic bacteria. It is possible that 
the activation of the amylase by halide ions may 
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Fig. 2. pH optimum for C; Fm sugar-gland amylase. 
Activity studied by following the disappearance of the iodine 
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provide a clue, since it seems to be a general feature 
of the amylases of snails and bivalves, noticeable even 
in those cases where the presence of bacteria is at 
least doubtful. 

A systematic survey of the biochemical activities 
of the sugar gland is in progress. 


B. J. D. MEEUSE 
WALTER FLUEGEL 
University of Washington, 
Seattle, ——— 
Nov. 
! Florkin, M.,and Lozet, F., Fenny Internat. a 2, ac 


Jeuniaux, Ch., Mém. Roy. Belg., 28, 1 ( 
* Fretter, V., Trans. Roy. Pons aia 59, 119 (1937). 


Formation of §-Alanine from Spermine and 
Spermidine by Pseudomonas aeruginosa 


THE importance of f#-alanine, especially as a 
constituent of pantothenic acid, in biological systems 
is well recognized; but little is known about its 
biosynthesis. One possible mechanism of formation 
involves the decarboxylation of aspartic acid though 
this has been established only for a small number of 
bacteria’. It has been recently found that B-alanine 
might also be formed from uracil by a certain species 
of Clostridium?. 

Studying the degradation of the naturally occurring 
polyamines spermine and spermidine, we found that 
these substances were oxidized by Pseudomonas 
aeruginosa. Carbon dioxide and ammonia were 
evolved, and a ninhydrin-positive compound accum- 
ulated during the reaction. This compound behaved 
like 8-alanine when analysed by paper chromato- 
graphy using various solvent systems*-*. A similar 
result was obtained by paper electrophoresis, in 
phthalate buffer of pH 3-2°. 

The results are illustrated in Fig. 1; spermine 
(a) and spermidine (b) rapidly disappeared during the 
reaction, while B-alanine was formed. §$-Alanine was 
then further metabolized by Ps. aeruginosa, as can 
be seen in all experiments. Quantitative measure- 
ment* showed that about twice the amount of 
8-alanine was formed from spermjne compared to 
spermidine. This might be expected from the 
composition of the two compounds, since spermine 
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é-alanine—+> = 


Spermidine — / 
_ Spermine + 





Time (min.) 
Fig. 1. Formation of £-alanine by resting cells of Ps. i 
synthetic medium (ref. 7) enriched with 0-3 per cent spermine. 


contains two (CH,), fragments and spermidine only 
one : 
NH,(CH,);NH(CH,),NH(CH,),;NH, 
spermine 
NH,(CH,),NH(CH,),;NH, 
spermidine 


That these (CH,), fragments participate in the 
formation of 8-alanine, is borne out by the fact that 
1:3 propane diamine was oxidized by P. aeruginosa 
to B-alanine, whereas putrescine was not. 

The formation of §-alanine from spermine and 
spermidine thus opens up a new possibility for the 
biosynthesis of this important compound. This 
approach is especially attractive in view of the wide 
distribution of spermine and spermidine®.!° and their 
role as growth-factors for various micro-organisms}!-}%, 

A detailed report of this study will be published 
elsewhere. 

S. Razin 
U. Bacuracu 
I. GrRy 


Department of Clinical Microbiology, 
Hebrew University—Hadassah Medical School, 
Jerusalem. 
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Substrate-Selective Inhibition of Mito- 
chondrial Oxidations by Enhanced Tonicity 


DURING an investigation of factors controlling rates 
of oxidation by mitochondria, it was found that 
variations of sucrose concentration in the suspending 
medium profoundly inhibited the oxygen consumption 
with some substrates but had much less effect with 
others. Earlier studies',* have indicated that the use 
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. Cells were grown on a semi- 

3 Washed cells, suspended in 

0-022 M phosphate buffer, pH 7:0, were incubated at 30° in Warburg flasks containing 

(a) 2°5 #M spermine; (6) 2°5 uM spermidine; (c) 5 uM f-alanine or (d) 5 uM 1:3 propane 

diamine, respectively. Samples were taken at the times indicated, centrifuged, and the super- 
natants analysed by paper chromatography (ref. 3) 
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of 0:88 M sucrose as the diluent 
during homogenization and iso- 
lation of mitochondria resulted 
in lower rates of mitochondrial 
oxidations than when 0:25 M 
sucrose was used. This was 
true despite the dilution of the 
mitochondria with other com- 
ponents of the final reaction 
mixture. 

In the present studies, rat- 
liver mitochondria were pre- 
d pared in 0-25 M sucrose and 
0-5 ml. of the washed suspen- 
sion (equivalent to 0-5 gm. 
original liver) was placed in 
Warburg vessels containing, in 
1 ml. of solution, 6 umoles 
adenosine triphosphate, 50 
umoles inorganic phosphate, 15 wmoles magnesium 
sulphate, 50 umoles glucose, 1 mgm. of partially puri- 
fied yeast hexokinase and 20-40 umoles of substrate. 
Final volume was brought to 3-0 ml. by the addition 
of sucrose solutions of appropriate concentration. 

Typical experiments with each of ten different 
substrates are shown in Table 1. In our routine 
experiments the final sucrose concentration is 0-17 M. 
Lowering tonicity to 0-075 M sucrose seemed to have 
no adverse effect on either respiration or phosphoryl- 
ation. However, raising the sucrose concentration 
above 0-17 M progressively inhibited the oxidation 
of glutamate, «-keto-glutarate, citrate, pyruvate (to 
aceto-acetate) and caprylate virtually to complete 
suppression at 0-48 M. Glutamate oxidation was 
50 per cent inhibited at 0-37 M sucrose. It is interest- 
ing that oxidation of other pyridine-nucleotide linked 
substrates such as malate, isocitrate, proline* and 
B-hydroxybutyrate were much less inhibited. Suc- 
cinate oxidation was relatively little affected. 

It is possible that the selective effect with different 
substrates results from selective permeability of the 
mitochondria in higher concentrations of sucrose. 
Citrate must be oxidized via ¢socitrate, yet it is more 
strongly inhibited than the latter, indicating a selective 
permeability or an effect of high-sucrose on aconitase 
activity. Cooper and Lehninger* have reported high 
sucrose concentrations to inhibit dinitrophenol- 
stimulated adenosine triphosphatase and the exchange 


+ 3-alanine 


*+1:3 propane 
diamine 




















Table 1 
Molarity of sucrose Inhibition 
Substrate by hype - 
0-075 0:17 0-48 tonicity 
(per cent) 
QoAN) P/O | Qo(N) P/O |QoAN) P/O 
Glutamate 85-8 28] 31°55 2-7 0 we 100 
a-Keto- 
glutarate 29-7 2:8) 29:1 3-1 0 a 100 
Pyruvate 18-1 2-7 | 19:0 3:1 0 oo 100 
Citrate 23-0 2°5 209 2-9 0-7 _ 96 
DL-Iso- 
citrate* 48 20 5-1 1'8 12°°°0 77 
1-Malate 8:8 2-7 95 28 19 346 82 
Caprylate 245 18] 268 19 0 — 100 
pu-8-Hy- 
droxy- 
butyrate 200 22] 19°77 21) 11:3 28 43 
Proline 81:0 22] 28:0 2-4) 123 22 55 
Succinate 242 1:3] 268 21), 173 19 33 

















QoN) =¢.mm. oxygen consumed per mgm. mitochondria 
nitrogen per hr. The experiments were of 8-20 min. duration to Loe 
comparable amounts of oxygen (6-10 vatoms) to be consumed despite 
differences in rate of oxygen consumption. 

* allo-Free, obtained from California Biochemicals Foundation. 
The low rate of oxygen consumption reflects inhibition by the un- 
natural enantiomorph. isoCitrate isolated from Bryophyllum is oxidized 
as rapidly as citrate. 
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reaction between adenosine triphosphate and inor- 
ganic phosphate in submitochondrial particles pre- 
pared with digitonin. 

Additions of diphosphopyridine nucleotide, coen- 
zyme A, 2,4-dinitrophenol or triiodothyroacetic acid 
did not relieve sucrose inhibition of glutamate or 
8-hydroxybutyrate oxidation. The inhibition was 
completely reversed by centrifuging mitochondria 
from the medium containing 0-48 M sucrose and 
transferring to one containing 0-17 M sucrose. 

This work was supported by a grant from the 
American Cancer Society. 

DIANE JOHNSON 
Henry Larpy 
Institute for Enzyme Research, 
University of Wisconsin, 
Madison, Wis. Dec. 4. 
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Cytochemical Localization of Succinic 
Dehydrogenase in Mitochondria from 
Periplaneta americana 


MorpPHO.LoaicaL!? and biochemical*-* studies indi- 
cate that the mitochondrion is a structurally complex 
organelle in which certain oxidative enzyme systems 
are localized. The succinic dehydrogenase system, 
in particular, has been shown to be situated almost 
exclusively in the mitochondrial fraction of tissue 
homogenates. 

Histochemical methods for showing this enzyme 
system depend on the acceptance of hydrogen by 
water-soluble tetrazolium salts and their reduction to 
coloured, insoluble, formazan dyes. 


N N 
a f Ne H ” ¢ ai 
R’— N—R <a R ( N—R 
pret vc af 
NN N=——-N 
Tetrazolium Formazan 


This reaction is not reversible in biological systems, 
and the amount of formazan deposited in tissue 
sections can be related direcily to the amount of 
succinic dehydrogenase’. Localization of the succinic 
dehydrogenase system within the mitochondria is not 
possible, however, with the mono- and di-tetrazolium 
salts in current histochemical use. This is due partly 
to the slow rate at which they penetrate biological 
membranes and partly to the large crystal size of 
their formazans. 

Recently, metal chelation of the formazans of 
mono-tetrazolium salts containing N-thiazol-2-yl 
groups has been successfully used for the intracellular 
localization of the succinic dehydrogenase system’. 
The present report concerns observations on the 
isolated mitochondria of the cockroach Pertplaneta 
americana made during a series of experiments 
designed to evaluate the accuracy of localization of 
the succinic dehydrogenase system afforded by 
various metal-formazan complexes. 

The pooted fat bodies of several cockroaches were 
homogenized in 0:44 M sucrose with a Potter— 
Elvehjem homogenizer and centrifuged at 800g for 
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10 min. The sediment was resuspended and washed 
once. The supernatants were centrifuged at 7,000, 
for 15 min., resuspended and washed twice. 2 ml. 
of a medium containing 3,5-dipheny]-2-(4,5-dimethy]- 
thiazol-2-yl) tetrazolium bromide’, cobaltous chloride, 
various electrolytes, phosphate buffer at pH 6-3 and 
sodium succinate, was added to 1 ml. of a 10 per cent 
mitochondrial suspension in sucrose. 

Details of the preparation of this medium have 
been published elsewhere’. The reaction in duplicate 
samples was completely inhibited by 1 ml. of 0-1 M 
iodoacetic acid added prior to incubation. The 
suspensions were incubated at 37-5° C. for 10-15 min. 
in an atmosphere of pure nitrogen. The reaction was 
stopped by the addition of 0-05 ml. of 10 per cent 
formalin and the suspensions were mounted in 10 per 
cent gelatin. 

It was observed’ that in thin fresh sections of 
tissues the metal chelation method did not reveal the 
mitochondria as they are usually shown by conven- 
tional staining methods but rather as rows of small 
black bodies. The present studies of isolated mito- 
chondria show that each mitochondrion contains 
2-5 of these ‘bodies’ the size of which depends to 
some extent on the length of incubation. They may 
appear (Fig. 1) as round objects 0-6-1 -0u in diameter. 
With longer incubation these can be seen to grow 
and finally to burst the mitochondrial membrane, 
an observation in keeping with the view that sub- 
strates must penetrate into the mitochondrion before 
being oxidized®. With short incubation times they 
appear (Fig. 2) in the form of straight or curved 
transverse bars, orientated at right angles to the long 
axis of the mitochondrion, the appearance of which 
suggests a relationship to the criste mitochondriales 
observed in electron microscope studies. Admittedly 
the characterization of these structures by the metal- 
formazan technique is much coarser. At higher 
magnifications (Fig. 3) further details of the ‘cristz’ 
are revealed. 

A composite tracing (Fig. 4) has been made of the 
localization of metal formazan at different levels in 
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Fig. 1. Isolated cockroach mitochrondrion. Shows two round 
deposits of cobalt-formazan. (x 4,000) 





Fig. 2. Isolated cockroach mitochondria. Shorter incubation. 
Shows deposits as dots one oo and curved transverse bars. 
x 4, 
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Fig. 8. Photograph of a single mitochondrion showing metal- 
formazan deposition on structures resembling criste mito- 
chondriales. x 8,000 


J _, 





i 
Fig. 4. Composite tracing of deposition of cobalt-formazan 
at various levels within a single mitochondrion. Shows the spiral 
form referred to in the text. x 8,000 


the body of a single mitochondrion, by superimposing 
the photographic images obtained at different depths 
of focus. The tracing clearly shows that the structure 
revealed by the metal-formazan deposits exists in the 
form of a helix, and we suggest, therefore, that the 
cristee mitochondriales may occur not as complete or 
incomplete transverse bars but as a single continuous 
spiral. 

The presence of a similar arrangement of mito- 
chondria in the axial filament of mammalian sperma- 
tozoa and of the sites of succinic dehydrogenase 
activity in B. subtilis suggests, furthermore, that the 
helix may represent a pattern of enzyme localization 
common to many biological forms. 


A. G. E. PEarsE 
D. G. ScarRPELLI* 
Department of Pathology, 
Postgraduate Medical School 
of London, 
London, W.12. 
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Electrical Responses of Frog Spinal 
Ganglion Cells in Sodium-free Media 


Since Lorente de N6' found that a group of small 
axons (“Et fibres”) in the frog are able to conduct 
prolonged action potentials when the external sodium 
is replaced by certain quaternary ammonium ions, 
special attention has been directed to the effects of 
these compounds on other excitable tissues. Fatt 
and Katz? observed that the electrical responses of 
crustacean muscle fibres are maintained and even 
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intensified when choline, tetramethylammonium, 
tetraethylammonium or tetrabutylammonium ions 
are substituted for the sodium in the external medium. 
No other excitable tissue, however, has been reported 
to show active responses after complete replacement 
of sodium by these ions. Choline, in particular, has 
repeatedly been used as an ‘inert’ osmotic substitute 
in experiments on sodium depletion in the extra- 
cellular spaces. At low concentrations, for example, 
10-20 per cent replacement of sodium, tetraethyl-— 
ammonium lengthens the falling phase of the action 
potential of crustacean nerve® and of frog twitch 
muscle‘. The intracellular injection of tetraethyl- 
ammonium into the giant axon of the squid prolongs 
the duration of the action potential’. In frog nerve 
fibres, the enhancement of the negative after-potential 
produced by addition of tetraethylammonium to 
the Ringer’s solution is more prominent in the 
terminal endings than in the nodes‘, suggesting that 
quaternary ammonium ions might act in different 
degrees on the various parts of the neurone. 
Cell-bodies in the spinal ganglion of the frog have 
characteristic properties as compared with the axonal 
node’, and it was therefore expected that specific 
effects of quaternary ammonium compounds could 
be revealed on the cell membrane. In the course of 
the investigation with these ions, it was found that 
the electrical activity of the ganglion cells could be 
maintained when the sodium of the Ringer’s solution 
was totally replaced by choline or tetraethylam- 
monium. The ninth or tenth lumbar spinal ganglion 
was isolated from Rana pipiens, together with the 
sciatic plexus branch and the dorsal root. The 
capsule covering the ganglion and the connective 
tissue adhering to the cells were carefully removed. 
The individual nerve cell-bodies (about 60 diam.) 
could then be clearly seen so that the insertion of a 
microelectrode could be carried out under visual 
control. By use of the arrangement previously 
described®, the superficial cells were directly stimu- 
lated with short pulses and the action potentials 
recorded through a single intracellular microelectrode. 
When the preparation was soaked in a sodium-free 
sucrose—Ringer’s solution for 3 hr., there was no 
appreciable effect on the resting potential of the cells, 
and no spike potential could be detected. Occa- 
sionally, a graded abortive response to very large 
stimuli was still observed in a few cells. After 3-5 hr. 
in sodium-free choline—Ringer’s solution, the resting 
potential had a normal value (about 65 mV.) imme- 
diately after insertion of the micro-electrode, but 
tended to fall with time. No action potential could 
be indirectly evoked in the cell-bodies by stimulation 
of either root or nerve fibres. If direct stimulation 
was delivered through the microelectrode, however, 
large responses were regularly produced in the cell- 
body membrane. In Fig. 1, records 2 and 3 represent 
action potentials recorded in choline—Ringer’s solution, 
while records 1 and 4 represent control responses 
obtained in normal Ringer’s solution before and after 
the choline treatment respectively. The threshold 
for initiation of ‘choline potentials’ was higher than 
for ‘sodium potentials’, while the rate of rise of the 
spikes was diminished and their falling phase enor- 
mously prolonged. The entire configuration of the 
action potential was somewhat similar to that of 
crustacean muscle fibres in choline*. The excitability 
of the nerve cell-bodies was maintained even after 
several hours in choline, and the effect of the latter 
was perfectly reversible by re-immersing in Ringer’s 
solution. In other experiments, the occurrence of 








VU 
ELL 


| 


Mii 
a 





Fig. 1. Records 1-4 were obtained from the same preparation. 
Reco 2 and 3 are ‘choline potentials’ recorded at different 
swee} ath and records 1 and 4 are ‘sodium potentials’ recorded 


P 
before and immediately after soaking in choline Ringer's solution. 
Records 5-7 show ‘tetraethylammonium ae mg —— 
me marks 


sweep speeds obtained from another preparation 
50 mV. 


1 msec., except for Record 7 (100 msec.). Calibration : 


‘choline potentials’ was confirmed in preparations 
previously blocked after several hours in sucrose 
Ringer’s solution. The action of tetraethylammonium 
was even more striking than that of choline; action 
potentials were tremendously prolonged, their dura- 
tion reaching usually 4-1 sec. Records 5-7 show 
typical ‘tetraethylammonium potentials’ recorded at 
different sweep speeds. 

These results demonstrate that choline and tetra- 
ethylammonium ions are not ‘inert’ on the neurone 
cell-body of the spinal ganglion, but have a specific 
action which apparently reinforces the membrane 
excitatory processes. In discussing the nature of 
action potentials observed in media where the sodium 
has been completely replaced by choline or tetraethy)- 
ammonium, it might be argued that some residual 
sodium exists in the intersticial spaces immediately 
surrounding the cell-bodies or accumulates as a result 
of slow leakage from the cell interior. This possibility 
cannot easily be disproved, but the conservation of 
cell excitability even after 8 hr. soaking in choline, 
and its rapid recovery in the latter after a prolonged 
immersion in sucrose-Ringer’s solution apparently 
argue against an appreciable retention. Indeed, the 
concentration of extracellular sodium is probably less 
than the intracellular, particularly in the case of the 
superficial cells. If ionic currents underly the elec- 
trical activity observed in these experiments, there 
are three conceivable ways of accounting for the 
mechanism of the ‘choline’ or ‘tetraethylammonium 
potentials’: (1) by an influx of residual extracellular 
sodium (along a low or even reversed concentration 
gradient) or of some other cation (for example, 
calcium) through the active membrane; (2) by an 
outflux of an internal anion; or (3) by an inward 
transfer of charges transported by choline or tetra- 
ethylammonium ions. The first explanation would 
jmply that, in the cell-body, choline and tetraethy!- 
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ammonium somehow facilitate the normal excitatory 
process. There is no evidence, as yet, that choline 
or tetraethylammonium ions penetrate the nerve 
cell during its electrical activity. 
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A Histological Stain for Newly Calcified 
Tissues 


DuRInG investigations in which sudan black B was 
used for studying the lipoid inclusions in cells of bone 
and teeth’, it was found that dentin, enamel, cartilage 
and bone did not stain significantly unless they were 
previously extracted with pyridine at 60° C., when 
characteristic staining reactions were obtained. 

Rats’ upper incisor teeth with the surrounding 
tissue and the proximal ends of tibias were used. 
After fixation and treatment with pyridine, and 
decalcification in some instances, they were embedded 
in gelatin and cut frozen. The sections were stained 
with sudan black B (George T. Gurr), using Baker’s 
method? and mounted in glycerine jelly. Unextracted 
sections were also stained with toluidine blue and 
examined mounted in water, only undecalcified 
tissues being used. The perchloric acid technique for 
the removal of ribonucleic and deoxyribonucleic 
acids and the periodic acid—Schiff method were also 
employed. Some sections were treated with hyal- 
uronidase for 24 hr. at 37° C. at pH 5-7. 

When they were stained with sudan black without 
preliminary treatment with pyridine, the hard tissues 
were @ uniform pale blue colour. After treatment 
with pyridine all areas where calcification was being 
initiated stained deep blue or black. These areas 
were at the predentin—dentin junction (Fig. 1), the 












Fig. 1. Transverse section of labial side of formative end of 

undecalcified rat incisor tooth. (a) Dentin, (b) predentin, (e) a. 

toblasts and pulp. Note darkly stained line at dentin-predentin 

junction. Stained with sudan black B r treatment with hot 
igh? pyridine, as described in the text. x 430 
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Fig. 2. Part of maxillary alveolar bone of rat. At the top an 

osteoclast can be seen and below a row of osteoblasts (a). Note 

intense staining line on appositional side of bone, separated 

from the osteoblasts by a narrow rim of matrix. Stained with 

sudan black B after treatment with hot pyridine, as described 
in the text. x 430 


part of the organic enamel where it became acid- 
soluble, a line on the appositional side of bone, but a 
short distance inwards (Fig. 2), and the intercellular 
matrix between the hypertrophic cells of the epi- 
physeal cartilage just before their removal (Fig. 3). 
These areas in the incisor were also metachromatic, 
but bone and epiphyseal cartilage could only be 
examined after decalcification, when the whole tissue 
was metachromatic. Treatment with pepsin did not 
affect the staining of the teeth. Hyaluronidase did 
not abolish either the metachromasia of the teeth or 
the sudan black staining of any of the tissues. Treat- 
ment with perchloric acid did not change the staining 
reactions. No specific staining of the dentin—preden- 
tin junction was observed with the periodic acid— 
Schiff technique. 

For sudan black to stain in these ways, treatment 
with pyridine had to precede decalcification, though 
decalcification was not necessary. Treatment with 
hot formalin solution instead of pyridine did not 
cause the characteristic sudan black staining. Extrac- 
tion with pyridine made no difference to the meta- 
chromatic staining. 

It seems probable that under the conditions of 
these experiments, sudan black is staining some 





Fig. 3. Longitudinal section of part of tibial pee cartilage 
of young rat, gowns ome hypertrophic cells and, below, the 
zone of cellerosion. Note the staining of the intercellular matrix 
between the hypertrophic cells. Stained with sudan black B 
x 430 


after treatment with hot pyridine, as described in the text. 
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fraction of the mucopolysaccharides, but is a good 
deal more selective in this respect than toluidine blue. 
The process underlying pyridine treatment seems 
from the work of Hadadian and Pirrie* to be some 
sort of precipitation. This makes the material 
insoluble in acid and stainable with sudan black. 

Leblond et al. have found the dentin—predentin 
junction to be strongly metachromatic, and Bélanger® 
reported that sulphur-35 is laid down here two hours 
after injection. The puzzling aspect is that both 
sudan black and toluidine blue stain this area only, 
although the zone of sulphur-35, as seen by auto- 
radiographs, moved progressively outwards with 
accretion of more dentin®. What is the difference 
between the mucopolysaccharide at the dentin— 
predentin junction and that in the depths of the 
dentin ? Scott and Pease’, in electron microscope 
studies, have noted that a fibrous preosseous matrix 
exists between the osteoblasts and calcified bone 
matrix, and the width of this zone is about the same 
as that in the present findings. But, as with dentin, 
only the first narrow strip of calcified bone stained 
with sudan black. 

Although it was not possible to compare the stain- 
ing with sudan black and toluidine blue in bone, I 
consider that the similarity of the two appearances 
in teeth is sufficient to conclude that the same 
constituent of the tissue is being stained. 


J. T. Invine 


Joint Dental Research Unit of the 
Commonwealth Scientific and 
Industrial Research and the 
University of the Witwatersrand, 
Johannesburg. 
Dec. 3. 
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Rubidium-8 as a Tracer of Potassium 
in Man 


SERIAL estimations of exchangeable potassium 
cannot be made after a single dose of potassium-42 
because the half-life of the isotope (12-4 hr.) is too 
short. Rubidium-86 (half-life, 19-5 days) and 
potassium appear to be handled similarly in man, 
and Burch e¢ al. have suggested that this isotope 
could be used as a potassium tracer in prolonged 
studies. 

We have compared changes in potassium-balance 
in three subjects measured by a metabolic-balance 
technique (in which intake and output by all routes 
are estimated by chemical methods) with changes 
in exchangeable ‘potassium’ measured by the cumula- 
tive excretion isotope dilution method after a single 
dose of 100 ue. of rubidium-86 by mouth. 5-8 days 
were allowed for equilibration and samples of lysed 
red cells and of 24-hr. and ‘spot’ collections of urine 
were counted in a Geiger—Miiller dip-counter and in 
a scintillation counter. The double counting was 
necessary because sodium-22 was given simul- 
taneously*. Errors of counting and of flame photo- 
metry were estimated to be 3-8 per cent. 

We found that the specific activities of red cells 
and particularly of urine fluctuated unpredictably 
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Table 1 





Changes in balance during study 
(m.equiv.) | 

















Duration 
Subject of study Rubidium-86 method 
(days) | Chemical specific activities 
method calculated from : 
‘Spot’ urine Red cells 
Premenstrual 
fluid retention 9 — 30 + 10 + 5 
Steroid with- 
drawal after 
adrenalectomy 7 + 70 +400 +140 
Removal of ad- 
renal adenoma 
causing Cushing’s 
syndrome 16 +150 —120 +340 














from day to day, and calculations of exchangeable 
‘potassium’ were therefore made from figures obtained 
from idealized graphs of observed values. The 


specific activity of urine was always less than that of 


red colls collected at the same time. In one patient, 
after nine days equilibration, there was close agree- 
ment between the specific activities of red cells and 
muscle (each 1,740 counts/min./m.equiv. potassium) 
and adrenal tissue (1,750 counts/min./m.equiv. 
potassium), while fasting urine collected at the same 
time had a specific activity of 1,220 counts/min./ 
m.equiv. potassium. The overall results for the three 
patients are shown in Table 1 and the day-to-day 
results for one of them are shown in Fig. 1. 


1,800 






1,600 } 
Specific activity 
(Counts/min./m.equiv. 
potassium) 


1,400 } 


1,200 1 


1,000 } 


+400 ¢ 


Cumulative isotope +200 F 
balance 
(m.equiv.) 


100 “ec. rubidium-86 given on day 0 


Red cells 
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We feel that the magnitude of the errors and the 
variations of specific activity make rubidium-86 
unsuitable as a potassium tracer, certainly for pro- 
longed studies. We thank Prof. J. E. Roberts, 
Dr. J. D. N. Nabarro and Dr. K. Jones for their 
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advice. The work was done during the tenure of 


a Leverhulme Research Scholarship by one of us 
(M. M. M.). 


M. Mencer Martin 
GEOFFREY WALKER 


Institute of Clinical Research, 
Middlesex Hospital Medical School, 
London, W.1. 
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Lymphotrophic Antibiotics 

Most antibiotics are crystalloid molecules and are, 
for this reason, primarily circulated through the 
body by a vascular route. Concentrations of anti- 
biotics in lymph and lymph nodes are often difficult 
to raise to significant levels. On the other hand, it 
is an established fact that macromolecules and 
colloidal particles have a particular affinity for the 
lymphatic system and can therefore attain high 
concentrations in lymph and lymph 
nodes. 

We have combined streptomycin, 
neomycin, viomycin and_strepto- 
thrycin with carboxyl, sulphonic or 
phosphorylated high molecular com- 
pounds and studied the changes 
in their pharmacological properties. 

In one series of experiments the 
question of the colloidal versus 
the crystalloid behaviour of these 
preparations was examined. To 
this end these substances were in- 
fused into a peripheral lymph vessel 
of the hind extremity of a dog 
at @ constant rate and the amount 
appearing in the thoracic drainage 
was measured over a period of 
4 hr. The results were compared 
with the perfusion with a colloidal 
(dextran) and a crystalloid substance 
(para-aminohippuric acid). 

Further experiments were per- 
formed in dogs in which blood- 
and lymph-levels (thoracic duct can- 
nulation) were measured after intra- 
muscular, intraperitoneal, intrapleu- 


24-hr. urine 
‘Spot’ urine 


Red cells 





0 — 1 + 


+200 


+ 


Cumulative chemical +100 + 
balance 


(m. equiv.) 


In an- 


tor : ral, etc., administration. 
Spot’ urine other series of experiments these 


substances were injected intramus- 
cularly, intrapleurally, etc., and con- 
centrations were followed in local 
lymph nodes. We further in- 
vestigated the blood-levels of these 
new substances after various means 








0 : ‘ 
pee ¢ A oe 


8 12 16 20 
Time (days) 


Fig. 1. Woman aged 35. Removal of adrenal adenoma on day}j9 


of application as compared with 
streptomycin and neomycin. 

Finally, we have investigated 
changes in the acute toxicity of 
these substances in macromolecular 
combinations. 
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Fig. 1. The percentage of substance in the thoracic lymph drain- 
age infused into the peripheral lymph vessel, : bee 
neolymphin I, neolymphin II, streptolym ot, I, para-amino 

hippuric acid, ‘streptomycin, neomycin, penicillin (basic zero-line) 


These macromolecular salts, which have been 
termed ‘antibiolymphins’, fall under three headings : 
(1) salts of antibiotic bases with polyacrylic acids 
(streptolymphin I, neolymphin I); (2) salts of anti- 
biotic bases with sulphonic or phosphorylated poly- 
saccharides (streptolymphin II, neolymphin I) ; 
(3) salts of antibiotic bases with natural polycarboxyl] 
acids from a series of polyuronic substances and 
polysaccharide derivatives containing carboxyl groups 
(streptolymphin ITI, neolymphin ITI). 

Antibiolymphins have the following pharmaco- 
logical properties : 

(1) Their physiological behaviour comes some- 
where between a pure crystalloid and a pure colloid. 
This is shown in Fig. 1, which shows the percentage 
of substance appearing in the thoracic drainage with 
dextran infusion and para-aminohippuric acid. In 
4hr., 70 per cent of dextran appeared in the thoracic 
lymph drainage, whereas the para-aminohippuric 
concentration in lymph was insignificant. Strepto- 
mycin, neomycin and penicillin acted like para- 
aminohippuric acid. Streptolymphin and _neo- 
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Fig. 2. Blood- and lymph-levels of streptomycin and strepto- 
yeni (thoracic duct cannulation) after intraperitoneal 
application 
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lymphin acted more like a pure colloid, since in 4 hr. 
20 per cent collected in the thoracic duct. 

(2) Antibiolymphins, as compared with the gener- 
ally used antibiotic preparations, are absorbed from 
the injection locus primarily by the lymphatic system. 
Fig. 2 shows the rate of absorption of streptomycin 
and streptolymphin I from the peritoneal cavity in 
a dog. It can be seen that streptomycin concentra- 
tion is high in blood, low in lymph, while the reverse 
obtains with streptolymphin I. 

(3) A high concentration of long duration may be 
produced in the lymph nodes of the drainage channels. 
Fig. 3 shows the tissue concentration of streptomycin 
and streptolymphin I in the para-aortal lymph nodes 
after intramuscular application into the hind ex- 
tremity of a dog at various intervals after the 
application. It is seen that streptomycin is producing 
relatively low concentrations and disappears rapidly 
(after the fourth hour). The streptolymphin-levels 
are far higher and the time of their disappearance is 
72 hr. and more. Similar results have been obtained 
with sternal and mediastinal nodes after intrapleural 
application. 
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| TISSUE CONCENTRATION OF ANTIBIOTICS 
IN REGIONAL LYMPH NODES 
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Fig. 3. Tissue concentrations of stre — mycin and Se mien 
I in the para-aortal lymph nodes rintramuscular application 
into the hind extremity of dogs 
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(4) In comparison with the normal antibiotic 
equivalent, the blood-level is lower but maintained 
for a longer time, since the absorption of macro- 
molecules via the lymph system is a slow process. 
Thus, neomycin disappears from the pleural cavity 
after 4 hr., while neolymphin was still present after 
48-72 hr. and more. 

(5) The acute toxicity is much less. For example, 
the LD50 in rats and mice is raised five times with 
streptolymphin I and ten times with neolymphin I. 

In conclusion, we believe that the same chemical 
principle of tissue localization can be applied with 
other substances as well, be they antibiotic, cyto- 
static, chemotherapeutic, etc. 


P. MALEK 
M. Heroip 
J. Horrman 
J. Kore 
Institute for Clinical and Experimental Surgery, 
and 
Institute for Antibiotic Research, 
Prague. 
Nov. 24. 
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Experimental Suppression of the Early 
peace g! Phenomena of Turpentine 
leurisy in Rats 


Previous work'-* has indicated that the increased 
capillary permeability and resultant exudate that 
follows intrapleural injection of turpentine in rats 
might be due at first to local release of histamine 
or 5-hydroxytryptamine, or both, and later to 
activation of other m isms. 

In order to obtain experimental support for this 
hypothesis it was decided, by employing measures 
solely designed to block the specific action of hist- 
amine and 5-hydroxytryptamine, to attempt to 
suppress the formation of the very early exudates, 
leaving the later exudates unchanged. 

Repeated injections of the histamine liberator 
48/80 deplete many body tissues of histamine and 
5-hydroxytryptamine and prevent certain reactions 
dependent on release of these substances*-*. In the 
present work 150-gm. albino rats were given 100 ygm. 
intraperitoneally of 48/80 twice daily for seven doses, 
then two further doses of 200 ugm. 5 hr. after the 
last injection, 0-1 ml. of turpentine was injected into 
the right pleural cavity and the animals killed 
30 min. later. As can be seen from Table 1, prior 
depletion of the rats with 48/80 led to virtually total 
suppression of the 30-min. pleural exudate. When 
the interval between injection of turpentine and 
killing the animal was prolonged to 1-2 hr., the 
volume of pleural exudate obtained from rats de- 
pleted of histamine and 5-hydroxytryptamine with 
48/80 increased. However, even at 2 hr. the amount 
of exudate was less than half of that withdrawn from 
non-depleted controls. When the interval between 
injections of turpentine and death was prolonged to 
4 hr., however, no significant difference in the volume 
of exudates was observed between depleted and 
control groups. 

A further injection of 200 ugm. of 48/80 at the time 
the rats received their intrapleural turpentine failed 
to decrease the volume of the 4-hr. exudate. 

When, instead of a course of such injections, rats 
were given a single dose of 200 ugm. of 48/80 44 hr. 
before injection of turpentine, and killed 30 min. 
later, the volume of pleural exudate obtained did 
not differ significantly from that obtained from 
control animals. 

These experiments were repeated using the hist- 
amine liberator ‘Polymixin B’ instead of 48/807. 
Rats were given 0-5 mgm. ‘Polymixin’ intra- 
peritoneally twice daily for nine doses and the 
experiment commenced 5 hr. after the last injection. 
As can be seen from Table 1, the results were 
essentially similar to those obtained with 48/80 except 


























Table 1 
Time 
after Mean | Standard 
intra- No. of | vol. of devia- 
pleural Group animals | exudate tion P 
turpen- (ml.) 
tine 
30 min, | Controls 18 0-96 +0-07 
30 min. | 48/80 18 0-1 +0-07 < 0-001 
30 min. | ‘Polymixin’| 10 0-26 +0°11 <0-001 
30 min. | Anthisan 8 0-1 +0-05 <0-001 
2 hr. Controls ll 1°35 +0°39 
2 hr. Anthisan 8 0-86 +0°3 <0-02 
2 hr. 43/380 6 0-43 +0-18 <0-001 
4 hr. Controls 11 15 +0-74 
4 hr. 4£/80 15 12 +0-25 | <0°8(N.S.) 
4 hr. Anthisan 7 1-6 +0°6 <0°8 (N,S.) | 
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that suppression of the volume of the 30-min. exudate 
was not as complete. 

To confirm the role of histamine suggested by these 
depletion experiments ‘Mepyramine’ maleate* was 
injected intravenously in a dosage of 1 mgm./kgm. 
and turpentine injected intrapleurally 10 min. later. 
As can be seen from Table 1, the results were similar 
to those of the depletion experiments. In order to 
determine whether the appearance of an unaltered 
volume of exudate at 4 hr. was due to the effect of 
the drug wearing off, a group of rats was given two 
further intravenous injections of the same dose of 
‘Mepyramine’ maleate at 45-min. intervals in the 
4-hr. period between injection of turpentine and 
death of the animal. However, these rats showed no 
reduction in the volume of their pleural exudates, 
which again did not differ significantly from those 
of 4-hr. exudates in control animals. To confirm 
that the action was shared by another antihistamine, 
promethazine hydrochloric acid (‘Phenergan’), 
1 mgm./kgm., was substituted for ‘Mepyramine’. 
Once again practically total suppression of 
30-min. exudates was obtained, the 4-hr. exudates 
not differing significantly in volume from the 
controls. 

Previous experiments** had suggested that 5- 
hydroxytryptamine might play a part as chemical 
mediator in the early stages of turpentine pleurisy. 
Reserpine, a Rauwolfia alkaloid, depletes much of 
the 5-hydroxytryptamine in tissues’*. The sub- 
stance was injected intraperitoneally into eight 150- 
gm. rats, four doses of 1-0 mgm. being given over 
3 days. 18 hr. after the last injection, 0-1 ml. 
of turpentine was given intrapleurally and the 
animals killed 30 min. later. Six rats had pleural 
exudates the volume of which ranged between 0-8 
and 1-1 ml., that is, within the range observed in 
control animals. The remaining two rats had only 
0-1-0-2 ml. of exudate ; but both these animals were 
in a state of profound collapse and unconsciousness 
and showed no reaction even when the pleural cavity 
was opened. That extreme hypotension existed in 
these animals could be shown by the almost non- 
existent blood flow on cutting the carotid artery. 
Under these conditions it seems likely that the blood 
pressure was too low for effective filtration to occur 
through the permeable pleural capillaries. The failure 
of reserpine to alter the initial response of the 
pleura to turpentine was confirmed by the use of 
‘BOL 148’ (2-brom-p-lysergic acid diethylamide 
bitartrate). This substance is a powerful inhibitor 
of 5-hydroxytryptamine®. 0-5 mgm. was given 
intravenously to 150-gm. rats and 10 min., and in 
some instances 30 min., later 0-1 ml. turpentine was 
injected into the right pleural cavity, the animals 
being killed 30 min. afterwards. No significant 
difference was observed in the volume of pleural 
exudates of these and of control rats also killed 
30 min after intrapleural turpentine. 

That the effect of 48/80 and ‘Mepyramine’ was not 
due to a general depression of capillary permeability 
was shown by skin tests on rats injected intra- 
venously with trypan blue. 

A greatly increased rate of removal of fluid and 
protein from the pleural cavity might in theory account 
for the great diminution in 30-min. exudates. That 
this is not in fact the case was shown by injecting 
1 ml. of rat serum into the pleural cavity of control 
rats depleted with 48/80 and rats pre-treated with 
‘Mepyramine’. The serum was absorbed at o similar 
slow rate in all three groups. 
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The present results appear to provide strong sup- 
port for the hypothesis that the initial inflammatory 
phenomena of turpentine pleurisy in the rat are 
largely due to local release of histamine and that 
other factors then come into play to prolong the 
increased capillary permeability thus initiated, the 
two systems apparently working quite independently. 
That 5-hydroxytryptamine may play a subsidiary 
part in the ‘histamine phase’ is possibly suggested 
by the diminished effectiveness of ‘Polymixin’ relative 
to 48/80 and by more rapid accumulation of exudate 
seen in ‘Mepyramine’-treated rats compared with 
rats depleted of histamine and 5-hydroxytryptamine 
by 48/80. Further work is in progress, and the results 
will be discussed more fully elsewhere. 

We thank Sir Roy Cameron for guidance and 
encouragement, Dr. R. Moulton for helpful .dis- 
cussion and Messrs. Sandoz for supplying ‘BOL 148’, 
and Messrs. Burroughs Wellcome for supplying 
compound 48/80. 
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W. G. SprectToR 
D. A. WILLOUGHBY 


Department of Morbid Anatomy and Medical Unit, 
University College Hospital Medical School, 
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Vanillic Acid Excretion during Stress 


RECENT reports of the metabolic conversion of the 
3 : 4-dihydroxypheny] into the 4-hydroxy-3-methoxy- 
phenyl grouping!.? and of the occurrence in urine of 
4-hydroxy-3-methoxymandelic acid*, a metabolite of 
adrenaline and noradrenaline, prompt us to record 
briefly our own findings along these lines.. Aromatic 
compounds extracted by ether from acid-hydrolysed 
urine have been examined chromatographically by a 
method‘ derived from that described by Boscott' ; 
methylated products have been found to be invariably 
excreted by human subjects following oral admin- 
istration of small doses (100-300 mgm.) of catechols. 
The compounds fed and metabolites detected are so 
similar to those described previously as to need little 
further comment ; however, it has been observed, in 
one case at least, that methylation is not necessarily 
confined to the hydroxyl group in the 3-position, 
since 3-hydroxy-4-methoxycinnamic acid has been 
identified, together with the isomeric 4-hydroxy-3- 
methoxy compound, among the substances detected 
following administration of caffeic (3,4-dihydroxy- 
cinnamic) acid. Both these acids have been regularly 
detected in normal urines following acid hydrolysis. 

These experiments were stimulated by the obser- 
vation that some subjects exposed to prolonged 
periods of stress were found to excrete abnormally 
large amounts of a substance apparently chroraato- 
graphically identical with 4-hydroxy-3-methoxyben- 
zoic (vanillic) acid. Ten urine samples were success- 
fully collected over 5-10 hr. periods late in the first or 
second day from subjects participating in a motor- 
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car rally necessitating continuous vigilance and lack 
of sleep for 48 hr. One subject excreted large amounts 
of the acid on both days, two subjects on the first 
day only and one on the second day only. Two 
further subjects, who each gave only one urine sample, 
excreted only normal amounts. Many subjects 
failed to produce an adequate quantity of urine 
owing to restricted fluid intake ; some of the subjects 
had received large doses of nicotinamide in connexion 
with other investigations, but this did not appear 
to influence vanillic acid excretion. Although no 
proper dietary control was possible, it did not appear 
that anything unusual had been eaten by the sub- 
jects ; however, they may well have tended to eat 
similar meals which fortuitously may have contained 
vanillic acid or some precursor. 

However, it is certainly tempting to postulate that 
excretion of vanillic acid reflects secretion of adren- 
aline and noradrenaline in stress situations. It 
would not appear profitable at this stage to contrast 
the finding of vanillic acid in hydrolysed urines with 
that of 4-hydroxy-3-methoxymandelic acid in unhy- 
drolysed urine*, and it is hoped that future oppor- 
tunities may occur to enable us to clarify the situation. 
The experiments described form part of an investiga- 
tion into the possibility that metabolites of adrenaline 
may be responsible for the mental effects of prolonged 
stress; as an alternative approach to this problem, 
the synthesis and metabolism of compounds inter- 
mediate in structure between adrenaline and mescaline 
are also being studied. 

We wish to thank the Director-General of Medical 
Services, Royal Air Force, for permission to publish 
this work. 

P. Smire 
A. M. H. Bennett 


R.A.F. Institute of Aviation Medicine, 
Farnborough, Hants. 
Dec. 6. 
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Relative Distribution and Chemical Nature 
of the Fuel Store of the Two Types of 
Fibres in the Pectoralis Major Muscle of 

the Pigeon 


George and Jyoti! showed that the pectoralis major 
muscle of the pigeon consists of two types of fibres : 
a broad variety, well striated and with clear sarco- 
plasm, having very few inclusions, and the other a 
narrow type, with dense lipoid inclusions and stria- 
tions scarcely visible. They also observed that the 
fat globules in the narrow fibres become fewer after 
strenuous muscular exercise and suggested the pos- 
sibility of the utilization of fat in such muscular 
activity. In the present work, we have investigated 
the relative distribution of the two types of fibres in 
the muscle and the chemical nature of the fuel store 
in them. 

Pieces of muscle from a pigeon immediately after 
it was decapitated and fixed in formalin — calcium 
chloride fixative? (1 gm. of calcium chloride dissolved 
in 100 c.c. of 10 per cent formalin) were sectioned with 
a freezing microtome and stained with sudan black B 
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Unstained broad fibre 


Fig. 1. Photomicrograph of a transverse section of a fasciculus in 
the pectoralis major manee ot -~ pigeon, stained with sudan 
ac’ 


Stained narrow fibre 


(Fig. 1). The narrow fibres were deeply stained 
whereas the broad ones were completely unstained, 
thereby showing that the former are fat-loaded 
fibres. 

Pieces of the muscle were taken from a pigeon 
immediately after it was decapitated, and some were 
fixed in picric acid-saturated alcohol—formalin and the 
rest preserved in 80 per cent methanol, ice-cold 
fixative being used in both cases. Microtome sections 
of the fixed muscle were cut at 8u and stained with 
Best carmine stain (after Bensley’) for glycogen and 
lightly counterstained with hematoxylin. The nar- 
row fibres were faintly stained, whereas the broad 
ones, the majority of which are confined to the 
periphery of the fasciculus (Figs: 1 and 2), were 
stained a brilliant red (Fig. 2), denoting a compara- 
tively high percentage of glycogen in them. A 
control slide, which was incubated in diastase solution 
in order to digest and remove the glycogen prior to 
staining, did not show the characteristic red colour 
for glycogen. 

From the pieces of the muscle preserved in 
methanol, the broad and the narrow fibres were 
separately isolated in sufficient quantities to yield at 
least 2-3 mgm. of the material in dry weight, by 
carefully teasing them out by means of very fine 
forceps under a stereoscopic dissection microscope. 
The broad and narrow fibres thus collected in separate 
containers were dried in @ desiccator under vacuum 
and weighed on a microbalance. The glycogen content 
of the two types of fibres was estimated on the dry 
weight of the fibres preserved in methanol. The 





Faintly stained narrow fibre 


Fig. 2. Photomicrograph of a transverse section of a piece of 
pectoralis majcr muscle of the pigeon, stained with Best carmine 


Tt Deeply stained broad fibre 
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method employed in the estimation of glycogen was 
a colorimetric micro-method (after Kemp et al.‘) 
using the Beckman spectrophotometer (DU model). 
Since the fibres were preserved in methanol, which, 
being a fat solvent, would have dissolved some fat 
during preservation and, since the relative fat content 
of the two types of fibres differs considerably, the 
calculation of the glycogen content based on dry 
weight of the material thus preserved would not give 
accurate figures for glycogen. Therefore it was 
thought more desirable to express the relative glyco- 
gen content of the two types of fibres (per unit dry 
weight of the material preserved in 80 per cent 
methanol) as a ratio rather than in actual percentage 
figures. 

The diameter of the fibres in a fasciculus was 
measured from the section of a frozen piece of fresh 
muscle. The measurement was made indirectly 
from a camera lucida sketch using a micrometer slide. 
The ratio of broad to narrow fibres more or less in 
the middle of the muscle was found to be 1:16. The 
number of the narrow ones to one broad was found 
to vary in the different regions of the muscle. 


Table 1 


Broad fibres | 
1 Practicall am 





Narrow fibres | 








1 Appearance of fresh} 1 Highly granu- 
fibres lated with fat void of 
globules and globules te 
granules ob- granules. Stria- 
scuring the 
striations 


tions clear | 
| 


2 Red in colour | 2. White, trans- 
lucent 


| 








2 Distribution within a Mostly in the 
fasciculus interior 
3 Relative number with- 
in a fasciculus 16:1 
4 Relative diameter of 
fibres in cross-section 1:2 
of fresh frozen muscle 
5 Relative glycogen con- 
} tent y unit dry 
weigh f material 1:5 
preserved in 80 per 
cent methanol | 


|6 Nature of the fibres 
(fuel store) Fat-loaded Glycogen-loaded | 


Mostly on the 
periphery 











The present work has shown that the narrow fibres 
are fat-loaded and that the broad ones are glycogen- 
loaded, having about five times the glycogen store of 
the other type. George and Jyoti® have shown that 
a considerable amount of fat is reduced in the breast 
muscle of the bird and bat during exercise and that 
fat is the chief fuel during sustained muscular activity 
(George, J. C., and Jyoti, D., unpublished work). 
Very recently, George and Scaria* have demonstrated 
a large amount of lipase in the breast muscle of the 
pigeon, obviously. for the conversion of fat into fatty 
acids and glycerol, which is the first step in the 
utilization of fat for energy. 

In the light of these findings, the presence of the 
two types of muscle fibres, the glycogen-loaded, 
broad ones and fat-loaded, narrow ones, in the most 
powerful flight muscle of the pigeon, is of special 
interest. Obviously the fat-loaded, narrow fibres 
which predominate are adapted for sustained flight, 
and the few, broad, glycogen-loaded ones for quick 
and sudden action. On the other hand, in some 
birds, for example, the parakeet (Psittacula krameri) 
and the bee-eater (Merops orientalis), the pectoralis 
major muscle consists of only the narrow variety of 
fibres, the broad ones being absent altogether, while 
there are others, for example, the domestic fow! 
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(Gallus domesticus) and the kite (Milvus migrans), in 


which there is only the broad variety’. Hence an 
understanding of the exact role of the two types of 
fibres in the pectoralis major muscle of the pigeon 
requires @ detailed study of the fibrillar structure and 
its evolution in different birds, and also in relation 
with other body muscles, particularly those concerned 
with flight. This is now being undertaken. 

J. C. GEORGE 

R. M. Nark 


Laboratories of Animal Physiology 
and Histochemistry, 
Department of Zoology, 
M.S. University of Baroda, 
Baroda, India. 
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Effect of Human a)-Acid Glycoprotein on 
Blood Coagulation 


As yet no specific function of the «,-glycoproteins 
has been demonstrated. ‘The average amount of 
x,-acid glycoprotein in normal plasma is 50 mgm. 
per 100 ml. The alpha-glycoproteins have been 
found to be increased’ in many pathological con- 
ditions, including cancer and diseases associated 
with tissue destruction such as in the inflammatory 
dermatoses. 

On addition of «,-acid glycoprotein to normal 
plasma we noticed a prolongation of the time of 
coagulation, which prompted further investigation of 
such effects. 

Most of the methods employed have already been 
described. «,-Acid glycoprotein was prepared from 
human plasma in the manner described by Yama- 
shina?. Unless otherwise stated, 1 per cent solution 
of «,-acid glycoprotein in imidazole buffer of pH 7-25 
and ionic strength 0-15 was used for the clotting 
tests. Thesolution showed no thrombin, prothrombin, 
proconvertin or proaccelerin activity ; it did not 
delay the clotting of fibrinogen by thrombin; in 
tests on plasma, it showed no immediate or progressive 
anti-thrombin activity ; tested on fibrin plates it did 
not show any plasmin or plasminogen-activator 
activity ; it had no plasmin inhibitory effect, but it 
did inhibit the transformation of plasminogen to 
plasmin by urokinase (P. Wallén and I. Yamashina, 
unpublished work). 

The effect of «,-acid glycoprotein on the activation 
of bovine prothrombin prepared according to the 
method of Seegers* in 25 per cent sodium citrate 
solution was also studied. Addition of 20 mgm. of 
a,-acid glycoprotein to 9 mgm. of prothrombin did 
not demonstrably inhibit the prothrombin activation. 

In the investigation of the mechanism of anti- 
coagulant action of acid glycoprotein, we used the 
test system of Owren and Aas‘ for the determination 
of prothrombin and proconvertin. (Clotting mixture : 
0-2 ml. of barium sulphate-adsorbed bovine oxalated 
plasma + 0-2 ml. of human brain thromboplastin 
+ 0-2 ml. of «,-acid glycoprotein solution (or buffer) 
+ 0-2 ml. of normal citrated plasma in varying 
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Dilution of citrated plasma 
Fig. 1. The inhibition of a,-acid glycoprotein in the one-stage 
prothrombin test system (expressed according to Lineweaver 


and Burk). A, acid Greagotetn (2-5 mgm./ml.); B, no acid 
glycoprotein 


concentrations + 0-2 ml. of 0:03 M calcium chloride 
solution). The variables in this test system were 
prothrombin and proconvertin (citrated plasma), 
thromboplastin, proaccelerin (barium sulphate-ad- 
sorbed bovine plasma), calcium and «,-acid glyco- 
protein. The latter was found to inhibit coagulation. 
For example, when the clotting mixture consisted of 
undiluted thromboplastin, diluted citrated plasma 
(1/10) and an excess of proaccelerin and calcium, 
acid glycoprotein in a final concentration of 2-5 mgm. 
per ml. prolonged the clotting time from 33 to 83 sec. 
and 0-5 mgm. per ml. to 43 sec. It is clear from 
Fig. 1 that in the presence of a constant amount of 
thromboplastin and excess of proaccelerin and cal- 
cium, «,-acid glycoprotein inhibited the transforma- 
tion of prothrombin to thrombin in a competitive 
manner. With 1/1 to 1/1,000 dilutions of thrombo- 
plastin the factor by which the slope of the line 
increased was invariable. Decreasing concentrations 
of proaccelerin in the test system did not increase 
the anti-coagulant effect of acid glycoprotein, neither 
did variations in the amount of calcium. 

It was also demonstrated by the thromboplastin- 
generation test that acid glycoprotein inhibited the 
plasma thromboplastin in a manner similar to that 
for brain thromboplastin. 

In view of these observations, the anticoagulant 
effect of acid glycoprotein could be attributed to an 
inhibition of the transformation of prothrombin to 
thrombin by thromboplastin in a competitive 
manner. Heating «,-acid glycoprotein at 100° C. 
for 30 min. did not impair its anticoagulant effect, 
in agreement with the fact that boiling produces no 
change in its electrophoretic and ultracentrifugal 
patterns’. 

Corresponding experiments were carried out with 
albumin prepared according to Cohn’s method 6 and 
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reprecipitated. A 5 per cent solution of albumin in 
the same buffer as that used for the acid glycoprotein 
experiments showed no antithrombin effect. The 
albumin solution was, however, found to inhibit the 
citrate activation of prothrombin to thrombin. Thus, 
when 50 mgm. of albumin was added to 11 mgm. of 
prothrombin only 60 per cent of the prothrombin was 
activated. In the one-stage prothrombin test system 
used for acid glycoprotein described before, albumin 
in @ final concentration of 12-5 mgm. per ml. pro- 
longed the clotting time from 33 to 42 sec., instead of 
to 83 by 2-5 mgm. of acid glycoprotein per ml. The 
inhibition was interpreted as being noncompetitive. 

The fact that acid glycoprotein has an antithrombo- 
plastic effect the possibility that it plays a 
part in the coagulation of blood. Even the concen- 
tration of «,-acid glycoprotein in normal plasma is 
sufficient to influence the clotting time. In diseases 
associated with a decrease of prothrombin or an 
increase of acid glycoprotein-levels, a more significant 
anticoagulant effect of acid glycoprotein can be 
expected because of the competitive inhibition for 
prothrombin activation by thromboplastin. 

Inga Marre Nitsson 
Ikvo YAMASHINA 
Chemistry Department IT, 
Karolinska Institutet, 
eae Sweden. 
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Interaction of Phenolic Compounds with 
Bacteria 


Tue interaction of several phenolic compounds 
with bacteria has been examined as part of an 
investigation of the mode of action of various anti- 
bacterial substances'. This communication sum- 
marizes the results obtained using hexylresorcinol 
and Escherichia coli. 

Addition of hexylresorcinol to washed suspensions 
of HZ. coli (originally N.C.T.C. 5933) effected the re- 
lease of substances which absorb in the ultra-violet 
(for convenience, these substances will be referred to 
as cell exudate) (Amax. 260 my) from the bacteria, 
reminiscent of the effects reported for various anti- 
bacterial surface-active agents*. Solutions containing 
hexylresorcinol and cell exudate were analysed 
spectrophotometrically after a quantitative separation 
involving a liquid-liquid extraction with an organic 
solvent. At low hexylresorcinol concentrations, the 
cell exudate released from the cell in 10 min. at 25° 
was proportional to the drug concentrations added. 
However, as the latter were increased, a limiting 
value was reached which corresponded to the bac- 
tericidal concentration of hexylresorcinol, defined in 
terms of the single mean survivor time of LZ. coli in 
an aqueous solution at 25°. Similar concentrations 
of the phenol greatly increased the light-scattering 
properties of suspensions of /. colt immediately upon 
contact between drug and bacteria. 

The amount of hexylresorcinol taken up by the 
bacteria was proportional to the concentration of the 
drug to which they were exposed : no limiting value 
was reached, possibly due to the limited aqueous 
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solubility of hexylresorcinol. At a_ bactericidal 
concentration of hexylresorcinol (single mean survivor 
time of 48 min.), the amount of drug bound per 
bacterium was greater than that required to form a 
close packed monomolecular layer surrounding the 
organism, whatever the orientation of the molecules 
with respect to the surface (assuming that the surface 
area of the cytoplasmic membrane approximates to 
the surface area of a cylinder, of maximum size 
3u. x 0-8u, in the living organism). The uptake of 
hexylresorcinol by isolated cell-wall preparations of 
E. coli was negligible. The observed changes in 
light-scattering properties of isolated cell walls and 
intact cells on addition of hexylresorcinol were not 
of comparable magnitude; the changes in light- 
scattering properties of the latter are attributed to 
the interaction of the drug with the cytoplasmic 
membrane. 

The evidence available in the literature* suggests 
that the site of action of phenolic compounds is at 
the cytoplasmic membrane; the present results 
provide further evidence in favour of this hypothesis. 

Phenolic compounds have little value as preserva- 
tives in preparations containing non-ionic surface- 
active agents‘; the results obtained on addition of 
‘Cetomacrogol’ to the hexylresorcinol—Z. coli system 
provides evidence concerning the nature of this 
inactivation. Addition of ‘Cetomacrogol’, in as low a 
molecular ratio as possible without effecting insoluble 
complex formation, reduced the uptake of hexy]- 
resorcinol from solutions by LZ. coli at all concentration 
levels of the phenol studied. (Hexylresorcinol was 
determined colorimetrically in the presence of ‘Ceto- 
macrogol’ due to difficulties associated with solvent 
extraction procedures in presence of surface-active 
agents.) The changes in light-scattering properties 
of suspensions of EH. colt caused by the presence of 
hexylresorcinol were prevented by the addition of 
‘Cetomacrogol’ to the drug solution. The antibac- 
terial activity of hexylresorcinol (bactericidal and 
bacteriostatic activity) against EL. coli was completely 
abolished in the presence of the non-ionic agent. 
However, sufficient hexylresorcinol was taken up by 
the bacteria from a solution containing the maximum 
attainable drug concentration and a low molar ratio 
of ‘Cetomacrogol’ to exert a bactericidal action in the 
absence of the surface-active agent. The ‘Cetomacro- 
gol’ would therefore appear to prevent or interfere 
with the interaction of the drug with the cytoplasmic 
membrane. 

A full account of experimental techniques and 
observations will be published elsewhere. 

A. H. Beckett 
8. J. Parxr 
Ann E. Rosprnson 


Chelsea School of Pharmacy, 
Chelsea College of Science and 
Technology, 
Manresa Road, 
London, 8.W.3. 

Dec. 10. 
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Filarial Infection in Simulium 
griseicolle Becker 


In the course of a Simulium survey at Lokoja, 
Kabba Province, Northern Nigeria, in September 
1956 adult Simulium griseicolle were found to be very 
abundant. Hitherto adults of this species had not 
been collected although it was known to breed along 
several hundred miles of the Niger River'. The flies 
were particularly numerous on the window-panes of 
the Lokoja catering rest-house, but they were also 
seen in villages some distance from Lokoja and one 
fly was collected 24 miles from the nearest breeding- 
site in the Niger. 

In the Sudan S. griseicolle can be a troublesome 
man-biter®;* ; but no evidence was found that the 
flies at Lokoja were biting man and sucking human 
blood although flies would frequently settle on the 
skin and crawl about for a short time, especially in 
the early morning (6.30—7.30 a.m.). 

Although flies had not been seen to feed on man 
it was decided to dissect specimens and examine 
them for developing filariz, for it had recently been 
found‘ that filarial infection occurred in Simulium 
bovis de Meillon, which although it occasionally feeds 
on man in Northern Nigeria‘ is not normally an 
anthropophilic species. Flies for dissection were 
collected on the window-panes in the Lokoja rest- 
house which lies about 14 miles from the breeding- 
ground in the Niger. 

It was surprising to find that some flies were 
infected with filarial worms, for so far as is known 
filarial infection in S. griseicolle has not previously 
been observed. The results are summarized in 
Table 1. 
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Table 1 
Flies Flies with caud- Flies with Total flies 
dissected | ate , ‘sausage’ infective forms infected 
orms 











8 4 7 
0-93 per cent 1-25 per cent | 2-18 per cent 








321 | 





The caudate ‘sausage’ worms were embedded, as is 
usual with this stage, in the thoracic muscles, and the 
three flies harbouring caudate forms had one, two 
and three worms respectively. Of the four flies with 
infective forms the first had one worm only in the 
head, the second had one worm in the thorax, the 
third had two worms (one in the head and one in the 
thorax), and the fourth had two worms (one in the 
head and one in the abdomen). The caudate worms 
measured 240u x 30u and the infective forms 
350-400u x 20-25u. 

The identity of the worms seen is of course not 
known ; but it seems very unlikely that they were 
Onchocerca volvulus (Leuck.) since, although oncho- 
cerciasis is endemic at Lokoja, the S. griseicolle were 
not observed actually feeding on man. The ‘sausage’ 
forms seen in the S. griseicolle were considerably 
larger than those of O. volvulus when seen in S. 
damnosum Theobald; but a size difference in the 
‘sausage’ stage is probably not of much significance 
as QO. volvulus is normally only seen in its inter- 
mediate host at definite intervals in the development 
(because flies are usually only dissected after they 
have been caught coming to bite), whereas the S. 
griseicolle had not been collected when biting; on 
the other hand the infective forms observed in S. 
griseicolle were smaller than those of O. volvulus as 
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seen in S. damnosum, which is against their being 


0. Page ese 

S. griseicolle is known to feed on birds in the 
Sudan?.*,5, 5, including turkeys and pigeons; it was 
noticed at Lokoja that flies sometimes occurred in 
small clouds around ducks. It is possible that the 
filarial infections seen in the flies had been derived 
from birds, and that S. griseicolle may be the vector 
of an avian filariasis. This possibility is supported 
by the recent work in Canada‘, which has shown that 
simuliids are the vectors of Ornithofilaria fallisensis 
Anderson, a filarial parasite of domestic and wild 
ducks. The fact that worms in the infective stage 
were found in the heads of S. griseicolle suggests that 
the fly is a vector of the parasite concerned, although 
the identities of the nematode and its primary host 
are not known as yet. 

R. W. Crosskry 
M. E. Crossxkry 
Simulium Control Unit, 
Medical Department, 

Northern Nigeria. 
1 Crosskey, R. W., Bull. Ent. Res., 48, 59 (1957). 
* Lewis, D. J., Trans. Roy. Ent. Soc. Lond., 99, 475 (1948). 
* Lewis, D. J., Sudan Notes, 35, 76 (1954). 
“Crosskey, R. W., Ann. Trop. Med. Parasit., 51, 80 (1957). 
* King, . H., Wellcome Trop. Res. Lab. Khartoum (Ent.) Bull, 
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Effect of Borate Buffer on the 
Electrophoresis of Serum 


DuRiInG some recent investigations (Cooper, D. R., 
and Johnson, P., unpublished work), the protein 
components present in neutral or slightly alkaline 
extracts of bovine hide were compared with those of 
bovine serum by paper electrophoresis. For these 
comparisons a borate buffer (pH = 8-6, I = 0-05)! 
was used, and the papers were treated with bromo- 
phenol blue to detect the protein bands’. 

In several runs it was found that the intense band 
corresponding to albumin was preceded by a less- 
intense band, migrating just faster than the albumin 
(Fig. 1). A similar effect was also obtained with two 
samples of normal rat serum supplied by the South 
African Medical Research Institute. When barbi- 
turate buffer (pH = 8-6, J = 0-05) was used instead 
of the borate buffer, no such effect was observed with 
the bovine serum. This indicates that the borate 
ion must increase the mobility of one or more of the 
components of the serum. 

It is suggested that the borate ion reacts with 
protein-bound carbohydrate, since the band gave a 
positive stain for protein, resulting in an increased 
mobility for this component. All the protein con- 
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Fig. 1. Meer Te ote resis of bovine serum in borate buffer : 
86; J = 0-05; 0-2 m.amp./em.; 17 hr. 











Descending 


Fig. 2. 


buffer, pH =8-6, I =0-0: 


stituents of serum appear to contain some carbo- 
hydrate, the main source being the «,- and a,- 
globulins’. Therefore the band obtained in borate 
buffer could be due to complexing between the 
borate ion and «,- or «,-globulin. 

Further evidence for the effect of the borate ion 
on serum proteins was found by moving-boundary 
electrophoresis in a Tiselius apparatus at 4° C. As 
shown in Fig. 2, the electrophoretic pattern for bovine 
serum in barbiturate buffer (pH = 8-6, I = 0-2) 
differs considerably from that in borate buffer 
(pH = 8-6, I = 0-05). In the borate buffer no 
peak corresponding to «,-globulin is obvious, whereas 
a small peak is seen to migrate just faster than 
the albumin in the ascending boundary, which 
presumably corresponds to the extra band obtained 
by paper electrophoresis. The albumin peak in 
the descending boundary is unusually diffuse and 
asymmetrical. 

The sedimenting components of bovine serum in 
the two buffers were the same when examined in a 
‘Spinco’ ultracentrifuge. 

I acknowledge the technical assistance of Mr. van 
Berge; and I am indebted to the South African 
Council for Scientific and Industrial Research for 
facilities placed at my disposal. 


D. R. Cooper 


Leather Industries Research Institute, 
Rhodes University, Grahamstown, 
South Africa. 


*Consden, R., and Powell, M. N., J. Clin. Path., 8, 150 (1955). 

* Kunkel, H. G., and Tiselius, A., J. Gen. Physiol., 35, 89 (1951). 

* Seibert, F. B., Pfaff, M. L., and Seibert, M. V., Arch, Biochem., 18, 
279 (1948). Koiw, E., and Grénwall, A., Scand, J. Clin. Lab. 


Tnvest., 4, -44 (1952). 


Physicochemical Investigations of 
Erythrocyte Membranes 


A sMALL drop of citrated human blood is placed 
on a slide next to a somewhat larger drop of 
Ponceau 2R and the two drops are mixed, covered 
with a cover glass and examined both with ordinary 
and polarized light. Under the double action of the 
dye and the hypotonicity, all the red cells become 
perfectly spherical with a diameter ranging from 
5-0 to 5-6u and stain weakly orange-red. No bire- 
fringence is observed. 

A small drop of 1 per cent acetic acid solution or of 
0-5 per cent hydrochloric acid is placed at the edge 
of the cover glass. As this penetrates by diffusion 
the red cells undergo a series of changes. Those 
reached by the diffusing acid first become pale and 
swell progressively, their surfaces being perfectly 
spherical. At the same time they become strongly 
birefringent. Most of the surface membranes form 
spheres of 7-5-8-5u in diameter, while others are 
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larger, up to 11 or even 1l4y. This 
means a volume increase of 3-8-— 
21-8 times the initial’ volume. 
Accompanying the swelling and the 
birefringence, the red cell surfaces 
(membranes) become stained an 
intense red. Some red cells show an 
interior concentration of hzemoglo- 
bin, and the membrane of these 
cells, which has no direct contact 
with the condensed hemoglobin, 
becomes red, spherical and _ bire- 
fringent. In the case of other cells, the hemoglobin is 
expelled while the hemoglobin-free membrane be- 
comes spherical and birefringent. 

Sometimes, especially with stored red cells, the 
expulsion of the hemoglobin through the membrane 
leads to the formation of a long, curved and stiff 
‘myelin tube’ at the point at which it is expelled. 
This ‘myelin tube’ is violently projected so that the 
cell itself is jerked back with force and moves the 
other cells with which it is in contact. 

The membranes of the largest empty red cells are 
the most birefringent, a phenomenon which is de- 
pendent upon the presence of the dye. The direction 
of the birefringence is tangential to the surface of 
the spheres. 

Similarly, if a drop of 4 per cent aqueous phenol 
is added at the edge of the cover glass beneath which 
there is a red cell suspension, the erythrocytes in the 
contact zone between the red cell suspension and the 
phenol solution soon become birefringent spheres, 
similar to those produced by the action of the 
acidulated dye solution. Again, if one volume of 
washed red cell suspension is shaken vigorously with 
20 vol. of 2-8 per cent phenol in distilled water, all 
the red cells lose their hemoglobin, their membranes 
becoming spherical and birefringent with diameters 
7-5-11p. 

Of the variety of dyes, only alkaline and acid 
fuchsin (1 per cent aqueous solution) behave similarly, 
and there seems no doubt that the birefringence of 
the red cell membrane is due to the oriented absorp- 
tion of these dyes in concentric layers. If the red 
cells are hemolysed by saponin before adding the 
dyes, there is no separation or birefringence of the 
membrane, and adding saponin to the swollen 
birefringent coloured membranes does not result in 
hemolysis; this is probably due to the dye pre- 
cipitating and fixing the protein components of the 
membrane. Ponceau 2R produces the phenomenon 
of swelling and birefringence of the red cell surface 
only if the dye solution is made acid. This is prob- 
ably due to there being a close chemical combination 
between the lipid membrane and the interior hemo- 
globin both in the normal red cell as well as in the red 
cell hamolysed with distilled water, that is, to their 
being lipoprotein ccenapses of the type described by 
Rubinstein and Rudberg. While these complexes 
exist, the staining affinities of the lipids are marked 
or blocked by the protein molecules, but as soon as 
the bonds between the proteins and lipids are broken 
by hydrogen ions, valences are freed which allow 
the absorption of the dye and its action in fixing 
the protein components, thus transforming the iso- 
topic membrane into a birefringent one. Again, the 
extent to which the surface structures of the 
red cells swell can be explained by the myelinic 
character of the isolated membranes, myelin forms 
being notoriously capable of extending their 
surface. 
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The membrane of the red cell does not seem to 
have @ morphologically differentiated structure in 
that it has no cytological structure, no elasticity, 
mechanical resistance, etc. It appears to be fluid 
and unorganized, able to detach itself from its con- 
tents and to swell like any other myelin sphere con- 
sisting of fluid or semi-fluid lipids. It is highly prob- 
able that this membrane possesses &@ mobile statistical 
structure which is in a state of dynamic equilibrium 
with the lipids of the plasma in which the cells are 
suspended, lipid and protein molecules constantly 
leaving the red cell surface and their place being 
taken by similar molecules from the plasma. 
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Muscular Exercise and Adrenal 
17-Hydroxycorticosteroid Secretion 
in Dogs 


EvipENcE of increased adrenocortical secretory 
activity elicited by muscular exercise has been 
provided by indirect evaluations such as fall in 
ascorbic acid or cholesterol content of the adrenal 
gland!-*, However, no direct measurements of 
corticosteroid secretion in response to muscular 
exercise have been reported. The present studies 
were undertaken to evaluate quantitatively the effect 
of muscular exercise on adrenocortical activity by 
estimating directly the rate of secretion of adrenal 
17-hydroxycorticosteroid in unanesthetized dogs. 

For collecting the adrenal venous blood under 
physiological condition, the lumbar route method of 
Satake, Sugawara and Watanabe‘ was employed. 
The dorsal spinal roots corresponding to the surgical 
operation area were cut under ‘Evipan’-sodium and 
ether narcosis and about three weeks or more later the 
experiments proper were carried out. The procedures 
for exposing the lumbo-adrenal vein, inserting a small 
cannula into the vein and collecting the adrenal 
venous blood were performed without anesthetizing, 
fastening or evoking any pain. About two hours were 
allowed to elapse between the cannulation and 
beginning observations. After collecting the control 
adrenal venous blood sample, the dogs, paced by an 
attendant on a bicycle, were run 5-1-14-7 km. at 
average speeds of 109-276 m. per min. In all dogs, 
except one, exhaustion with severe panting was 
observed at the end of the run. Just after and at 
intervals after running, the adrenal venous blood 
samples were taken. The plasma was separated from 
the blood sample by centrifugation and analysed for 
17-hydroxycorticosteroids by the method of Nelson 
and Samuels’. 

The rate of secretion of adrenal 17-hydroxycorti- 
costeroid before running was estimated as 0-19- 
0-60 pgm. per kgm. of body-weight per min., with an 
average of 0-34 ugm. After running, the secretion-rate 
was found to have increased. In one dog, which 
showed no signs of fatigue during and after running, 
only a slight increase in corticosteroid secretion was 
found. In four others, however, it increased markedly 
and reached 1-0, 1-2, 1-9 and 2-7 uzgm. per kgm. per 
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min., respectively. Maximal increase was mostly 
found at 60 min. after the end of the run. 


T. Suzux1 
K. YaMASHITA 
T. Mrramura 


Department of Physiology, 
Nagasaki University School of Medicine, 
Nagasaki. 

Dec. 4. 
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Zone Electrophoresis of Myrothrecium 
Cellulase 


Tue cellulase activity of culture filtrates of the 
mould Myrothecium verrucaria (Alb. and Schw.) Ditm. 
ex Fr. has been variously attributed to: (i) @ single 
hydrolytic enzyme! which, inter alia, is homogeneous 
in free-boundary electrophoresis at pH 7; (ii) at 
least two and possibly three hydrolytic enzymes 
which migrate at different rates under the same 
conditions of electrophoresis* ; and (iii) an enzyme, 
C,, of unspecified function which enables cellulose 
to be further degraded by C,, a group of enzymes 
characterized by hydrolytic activity towards carboxy- 
methylcellulose*, which can be resolved‘ into at least 
eight components by zone electrophoresis at pH 7. 
Other controversies centre on the specificity of the 
enzyme(s) with respect to the chain-length of cellulose 
and its hydrolysis products and involve certain other 
enzymes as well. The need to resolve these con- 
troversies prompts us to report some procedures 
which enable the electrophoretic homogeneity and 
substrate specificity of cellulases to be tested simul- 
taneously. 

The supporting media for the electrophoretic 
separations were strips of Whatman 3M WM filter paper 
(Fig. 1), Reeve-Angel glass-fibre filter paper (Fig. 24) 
and a thinner glass-fibre paper of very fine texture 
(Fig. 2B) obtained by courtesy of Dr. R. B. Hobbs, 
of the National Bureau of Standards, Washington, 
D.C. The enzyme preparations: were applied at 
positions indicated by dotted arrows in the figures ; 
the amounts added were 1 mgm. of protein in 0-01 ml. 
of buffer when applied in one spot at the centre of 
the strip, 5 mgm. of protein in 0-04 ml. of buffer 
when applied across the width (5 cm.) of the strip as 
in Fig. 2B. Electrophoresis was carried out in a 
room at 3° C. with the strips of cellulose paper 
clamped in sets of three in an apparatus similar to 
that of Woods and Gillespie’, and the glass-fibre 
papers in an ZHC-401 electrophoresis apparatus 
(E-C Apparatus Co., New York). After electro- 
phoresis the strips were dried in a current of warm 
air. The solid arrows in the figures indicate the 
positions to which neutral components would be 
transported. by electro-osmotic flow, as measured by 
the migration of trinitrobenzene or o-nitroaniline® in 
the cellulose paper and of glucose in the glass-fibre 
paper. 

The strips of Whatman paper were sprayed as 
indicated with a 0-1 per cent ethanolic solution of 
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Fig. 1. Electrophoresis of crude and purified enzyme in Whatman 
te fil 


paper. 
(A) Crude enzyme after electrophoresis for 270 min. at a potential 
gradient ,3 a V./em. | Se phosphate buffer of pH 7-0 and ionic 

















strength 0 UR... nhydrin; (2) p-anisidine 
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(B) {Purified enzyme after ae § for 210 min. as above. 
Indicator: ninhydrin 
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. Electrophoresis of 


Fig. 2 ed enzyme in glass-fibre filter r. 
{4 1) ” After fe ee ag s for 75 min. at a gradient of 11 $m. 


ace ydrochloric acid buffer of pH 3-0 and ionic 
An 0-05. (4,2) After electrophoresis for 90 min. at the 
same gradient in hate = of pH 6-7 and ionic strength 


(B) After maton “y" ~ for 90 min. at a gradient of 14 V./cm. 
in phosphate buffer as above 


ninhydrin or a saturated ethanolic solution of 
p-anisidine hydrochloride and heated at 100° C. for 
a few minutes. Ninhydrin showed the crude enzyme 
to contain at least seven components, of which two 
(No. 4 and 5) predominated ; the latter trailed as 
though adsorbed by the paper. -Anisidine gave a 
typical aldohexose colour reaction which was dis- 
placed slightly in the direction of electro-osmotic 
flow from component 5 but conformed to its shape 
(Fig. 14). The main change in the ninhydrin pattern 
after electrophoresis in. acetate buffer of pH 5-0 was 
a reversal in the direction of migration of component 
5; @ corresponding change in the p-anisidine pattern 
was also observed. As the enzyme preparation showed 
no evidence of carbohydrate when tested with 
anthrone and gave no colour reaction with p-anisidine 
after electrophoresis in glass-fibre paper at pH 7 
(Fig. 2B, strip 3) or after electrophoresis in cellulose 
paper at pH 3, we conclude that p-anisidine indicates 
reducing sugar resulting from the action of cellulase 
on cellulose paper during electrophoresis. Assays of 
cellulase activity based on the amount of reducing 
sugar formed when sections of a cellulose strip were 
incubated in acetate buffer of pH 5 gave a similar 
correlation between cellulase activity and com- 
ponent 5. 

The giass-fibre papers to which Fig. 2A refers were 
sprayed with a 1 per cent solution of potassium 
permanganate in 2-5 N sodium hydroxide. The 
purified enzyme likewise showed no evidence of 
adsorption or heterogeneity after electrophoresis in 
acetate buffer of pH 5-0. The indicators for the 
individual settions in Fig. 2B were as follows: 
(a} alkaline permanganate (strips 1, 6 and 9); (6) p- 
anisidine : (i) following a spray ‘with 0-05 M acetate 
buffer of pH 5-0 (strip 3); (ii) following a spray with 
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dilute solutions of the following substrates in acetate 
buffer: methyl 6-cellobioside (strip 8), methy! 
8-cellotetraoside (strip 5), cellopentaose (strip 7) and 
carboxymethyleellulose (Hercules Powder Co. type 
507) (strip 2); (iii) on Whatman No. 1 paper after 
strip 4 had been sprayed with buffer and left for 5 min. 
in close contact with the Whatman paper. The time- 
interval between spraying with substrate and spraying 
with p-anisidine was 20 min. for methyl §-cellobioside 
which, like sorbityl $-cellobioside, is hydrolysed more 
rapidly than cellobiose but less rapidly than cello- 
triose’, and 5 min. for the other substrates. Methy| 
6-glucoside was not included as it is not hydrolysed 
by the enzyme. 

This evidence of electrophoretic homogeneity in 
enzymatic activity toward substrates covering a wide 
range of degree of polymerization is in accordance 
with other evidence reported from this laboratory on 
the properties of this enzyme in hydrolysing the 
soluble 1,4-8 linked oligoglucosides with degrees of 
polymerization between 2 and 6, a cellodextrin with 
a@ number-average degree of polymerization of 24 and 
a swollen cellulose with a weight-average degree of 
polymerization of 1,000 °. 

The absence of polysaccharide in these enzyme 
preparations may be significant relative to Miller 
and Bloom’s electrophoretic evidence of an apparent 
multiplicity of cellulases in an enzyme preparation 
containing roughly equal amounts of protein and 
electrophoretically heterogeneous polysaccharide‘. 
Possibly Myrothecium cellulase, like Stachybotrys atra 
cellulase*, forms stable complexes with polysacchar- 
ides and other metabolic products of variable occur- 
rence in the culture medium; if so, much of the 
confusion in the literature on the properties of this 
enzyme is understandable. 

A detailed report of this work will be published 
elsewhere. 

R. THomas* 
D. R. WurrakeER 


Division of Applied Biology, 
National Research Laboratories, 
Ottawa. 

Oct. 18. 
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Effect of Adenosine Triphosphate on 
Cleavage of Sea Urchin Eggs 


THERE is no evidence for the direct participation 
of adenosine triphosphate in the cleavage of sea 
urchin eggs, although it can remove the block to 
division caused by certain agents such as dinitro- 
phenol’, and can raise the hydrostatic pressure 
required to prevent cleavage’. 

In a series of experiments in which the eggs of the 
sea urchin Psammechinus miliaris, from which the 
fertilization membranes had been removed, were 
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placed in adenosine triphosphate (neutralized at 
pH 7-5-8-0) at various times after fertilization, the 
eggs divided normally if the concentration of adeno- 
sine triphosphate was less than 10-* M. Eggs placed 
in 4 x 10-* M adenosine triphosphate within 5 min. 
after fertilization also divided normally, but eggs 
placed in this concentration 40 min. after fertilization, 
that is, 10 min. before cleavage, showed considerable 
delay and abnormalities in cleavage and sometimes 
failed to cleave at all. The eggs often took up irre- 
gular shapes and in those which did cleave bubbling 
often occurred in the furrow region. The mitotic 
apparatus seemed unaffected and the blockage 
appeared partially reversible with washing. 

It is very unlikely that this phenomenon is due to 
some greater general sensitivity of the egg just prior 
to cleavage, since similar tests with a wide variety of 
other reagents gave no indication of this. 

The simplest explanation seems to be that adeno- 
sine triphosphate participates directly in cleavage 
(possibly through its action on the cell cortex) and 
that some type of regulation of the concentration of 
adenosine triphosphate occurs. The early application 
of the adenosine triphosphate allows regulation of the 
level of the triphosphate to occur, but the addition 
of a high concentration of adenosine triphosphate 
close to the time of cleavage gives no opportunity 
for regulation to occur and causes inhibition. 

It was also found that isotonic calcium chloride 
reversibly inhibits cleavage if applied just before 
cleavage starts ; also, eggs placed in isotonic magnes- 
ium chloride after fertilization usually cleave with 
a very characteristic bubbling in the furrow region. 

There is good evidence that cleavage involves a 
contractile system’, and these results suggest that 
it may be in some ways analogous to an actomyosin 
system in which superoptimal concentrations of 
adenosine triphosphate can inhibit contraction and in 
which behaviour of the system is very dependent on 
the relative concentrations of adenosine triphosphate, 
calcium and magnesium. A similar system is involved 
in the cleavage of the glycerol-extracted models of 
tissue-culture cells of Hoffmann-Berling’. 

A paper on the relevance of these results to a 
detailed theory of cleavage is in preparation‘. 

This work was carried out at the Marine Station, 
Millport, while holding a Nuffield Biological Scholar- 
ship. 
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Nitrogen Fixation in Elaeagnus Root 
Nodules 


THE three genera comprising the Elaeagnaceae, 
namely, Elaeagnus, Hippophaé and Shepherdia have 
been known for some time to bear root nodules ; but 
it is only within the past few years that the physiol- 
ogical significance of these structures has been 
rigorously investigated. Previously, the main interest 
had been cytological. Nodules of Hippophaé'.*? and 
Shepherdia* have recently been shown, by growth 
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experiments and by tests with nitrogen-15, to be 
able to fix nitrogen. 

The genus Hlaeagnus comprises 30 species widely 
distributed in Asia, Europe, and North America. 
Nobbe and Hiltner* reported that a nodule-bearing 
plant of HZ. angustifolia showed marked ability to 
grow in sand free of combined nitrogen, and attained 
@ height of 120 cm. in four years as compared with 
24 cm. for a corresponding plant without nodules. 
The authors accordingly suspected the occurrence of 
fixation. Roberg® reported that, in the course of 
tests which demonstrated cross-inoculation between 
Elaeagnus and Hippophaé, he saw signs of fixation in 
both genera, while Panosjan*, whose report is avail- 
able only in summary form, found that nodulated 
plants were independent of the presence of combined 
nitrogen. 

In the present work, seed of EL. angustifolia was 
germinated in moist sand in the spring of 1956 and 
the seedlings grown on in water culture in Crone’s 
solution containing a small quantity of combined 
nitrogen. After four weeks, a nitrogen-free solution 
was substituted and a suspension of crushed nodules 
from a plant of LH. pungens growing in the Glasgow 
Botanic Gardens (obtained by the kindness of the 
Curator) was applied to the roots of certain of the 
plants. Since no nodules had appeared after 4 weeks, 
it seemed that the inoculum had been inactive, and 
a further inoculum, prepared from Hippophaé 
nodules, was applied. After ten days, numerous 
nodules were present on the roots of the plants in 
culture solution of pH 6-0, but none at pH 5-0. 

Growth of the plants was allowed to continue until 
autumn 1957, with periodic renewal of the nitrogen- 
free culture solution. Control plants without nodules 
showed very feeble Ccevelopment, but nodulated 
plants grew satisfactorily (Fig. 1) and accumulated 
substantial amounts of nitrogen (Table 1). The mean 
percentage nitrogen (dry weight basis) in the nodules 
was 3-5 as compared with 1-8 in both roots and shoots. 





Fig. 1. Plants of Elaeagnus angustifolia after two seasons growth 
in culture solution free of combined nitrogen. The plant on the 
left bears root nodules. x $ 
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Table 1. Harvest Resvuits FoR Elacagnus langustifolia ‘AFTER 15 
MONTHS GROWTH IN NITROGEN-FREE CRONE’S SOLUTION 

















_ Henk Shoot Dry weight (gm.) WF ... 

| ype height trogen 
No. (em.) Root + Shoot | Nodules (mgm.) 

| Nodulated 1 | 48 2-22 0-11 27-0 | 
2 62 6-59 0-21 148-8 | 
| 3 56 84 0-19 128-0 

| 4 74 9-64 | 0-40 186-4 | 
| Non-nodulated | 5-8 4-10 0-03-0-15 -- 0-5-2-1 | 

















Although the plants were not grown under aseptic 
conditions, the only satisfactory explanation of the 
strong growth of the nodulated plants is that the 
nodules are able to fix nitrogen. It is reasonable to 
suppose that the same is true of the nodules of other 
species of Hlaeagnus. Evidence’.* is growing that 
the ecological importance of non-legume nodule 
plants such as Alnus, Myrica and Hippophaé in the 
provision of soil nitrogen in past and present times 
is greater than previously supposed. The same may 
apply to Hlaeagnus. 


Department of Botany, 
University of Glasgow. 
Dec. 5. 
* Carnegie Research Scholar. 
* Bond, G., MacConnell, J. T., and McCallum, A. H., Ann, Bot., N.S., 
20, 501 (1956). 
* Bond, G., Ann. Bot., N.S., 21, 518 (1957). 
* Gardner, I. C., and Bond, G., Can. J. Bot., 35, 305 (1957). 
4 ee Ne and Hiltner, L., Naturwiss. Z. Land. u. Forstw., 2, 366 


I. C. GarpNnER* 


* Roberg, M., Jahrb. Wiss. Bot., 79, 472 (1933). 

* Panosjan, A. K., see Hort. Abstr., 15, Abstr. 479 (1945). 

* MacConnell, J. T., and Bond, G., Ann. Bot., N.S., 21, 185 (1957). 
* Bond, G., and Gardner, I. C., Nature, 179, 680 (1957). 


Vesicular-Arbuscular Mycorrhiza in the 
Gramineae 


VESICULAR-ARBUSCULAR mycorrhiza has _ been 
found to be widespread in cereals and in many grasses 
in Britain’. The incidence of root infection and the 
amount of endophyte mycelium on the root surface 
and in the rhizosphere differ greatly in different 
habitats and communities. For example, in sand- 
dune grasses—where mycorrhiza is strongly developed 
—the degree of infection varies between different 
species and with the stage in the dune succession. 
As illustrated in Table 1, samples collected from 
the sand dunes at Gibraltar Point, Lincolnshire, 
showed about a 20 per cent level root infection 
when growing in the embryo dune phase, that 
is on sites which have never supported plant 
growth previously. In the next zone in the dune 
succession infection falls almost to zero, but it reaches 


Table 1 














Roots with 
i Root external mycelium 
Vegetation zone Species infection attached | 
| (per cent) | (per cent) 
| Embryo dunes Ammophila | 
a@renaria ae 15 
i Mobile yellow Ammophila 
Pent vel —_—,. 1 2 
ow mmop. 
dunes arenaria 37 43 
| Festuca rubra 
j var. arenaria 45 22 
| Poa pratensis 18 20 
Older fixed A. arenaria 6 0 
dun’s . pratensis 3 0-5 
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Fig. 1. Spore aggregates associated with mycorrhizal roots of 

Festuca rubra var. arenaria. (a) The spores or vesicles are em- 

bedded in a matrix of organic matter and hyphe; (6) shows a 

compact mass of spores which are not embedded in any significant 
amount of organic matter or hyphx 


& maximum where the sand becomes stabilized 
in the fixed yellow dunes. In this zone, where 
the ranges of three grasses overlap, there is marked 
variation in infection between the different species. 
As the community matures and becomes more 
complex, there is a general decrease in endophyte 
activity. Roots of grasses in the fixed yellow dunes 
were often extensively covered with wefts of external 
mycelium as well as showing a high incidence of 
infection. 

Compact aggregates of spores, resembling Hndogone- 
type fruiting bodies, have been found on external 
mycelium associated with, and directly connected to, 
the endophytic mycelium in the roots of Festuca rubra 
var. arenaria and Ammophila arenaria. These spore 
masses are not as regular or uniform in size or structure 
as the sporocarps described by Mosse*:*. In size the 
spore aggregates on grass roots vary greatly but they 
are always less than 0-8 mm. diam. Three main 
types of structure occur: (1) the spores or vesicles 
may be embedded in a matrix consisting of hyphz 
and some organic matter (Fig. la); (2) the spores 
may be embedded in a matrix of organic matter with 
little or no hyphz present—many particles or organic 
matter which remain attached to the external myce- 
lium or to the root surface after gentle washing con- 
tain embedded spores in this way ; or (3) there may 
~s compact masses of spores which are not embedded 

any significant amount of hyphz or organic 
isebbes (Fig. 1b). These different conditions possibly 
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represent developmental or disintegration stages of 
distinct fruiting bodies or may be due to strain 
differences in the endophyte. The number of spores 
present varies greatly, and up to 50 have been noted 
in a single structure. Likewise there is variation in 
size of spore, the largest seen being 75yu in diameter. 
Frequently these spores have thick walls (Fig. 1a) ; 
otherwise they resemble isolated vesicles formed on 
external mycelium. 

These observations, which include samples from a 
wide range of habitats, suggest that the endophytes 
occurring on grasses in the majority of cases are 
related to the genus Endogone, being similar to those 
described on a range of different plants by Peyronel*.® 
and on fruit plants by Mosse. No evidence has yet 
been obtained that the endophytes of grasses may be 
strains of Pythium ultimum as has been found for 
vesicular-arbuscular mycorrhiza in Allium ursinum 
and in other plants*-°. 

I am grateful to Dr. Barbara Mosse of the East 
Malling Research Station for allowing me to inspect 
her Endogone material. 
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The Vitreous Body of Galago crassicaudatus 
agisymbanus 


Many aspects of the anatomy of the eye in galagos 
and related species have been described!:*. I am, 
however, not aware of any description of the vitreous 
body in these species, but in Galago crassicaudatus 
agisymbanus I have found peculiarities that I 
have not encountered or found described in other 
animals. 

In vertebrates the vitreous body is generally 
described as a translucent gel, although its consistency 
varies, being most rigid in birds? and varying con- 
siderably in solidity among the mammals. Examina- 
tion with the slit-lamp, dark-ground and phase- 
contrast microscopes shows that it possesses a definite 
structure} >, 

The vitreous body of Galago c. agisymbanus, 
however, is in ordinary circumstances a free liquid. 
Thus it can be aspirated through a hypodermic needle 
of 0-3-mm. external diameter as easily as can the 
aqueous humour, the volume extracted varying 
between 0-8 and 1-0 ml. and leaving the globe almost 
empty. The fluid so extracted shows no tendency to 
clot and contains only a trace of substance precipi- 
tated by trichloracetic acid. 

The vitreous body in this species would also appear 
to be structureless on examination with the slit-lamp 
microscope, although it must be said that good 
definition is very difficult in this animal because of 
the intense reflexion from the highly developed 
cellular tapetum. 


* Rocnon du Vigneaud, A., 
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The vitreous body is generally believed to exchange 
constituents with surrounding tissues and fluids, 
especially the aqueous humour, solely by diffusion 
of substances, and not by any mechanical mixing 
with other fluids or by wtizring of the liquid phase of 
the vitreous body itself**. This fact has recently 
been shown to be of importance in investigating the 
dynamics of the exchange of substances within the 
rabbit’s eye'. 

The following experiments were carried out on the 
galago in view of the apparent species differences 
and the implications they ¢ The animal was 
anesthetized (sodium pentobarbitone 30 mgm./kgm.), 
placed prone with the head held in a mould so that 
the plane of the lens of the eye was approximately 
horizontal. The eye was atropinized and a 0-3-mm. 
external diameter hollow needle pushed through the 
sclera at the equator until the point could be clearly 
seen under the lens in the centre of the vitreous, 
either by the naked eye with good general illum- 
ination or with the ophthalmoscope. With a micro- 
meter syringe attached to the needle by ‘Polythene’ 
tubing, 0-001—0-002 ml. of indian ink suspended in 
physiological saline was injected into the eye. The 
needle was withdrawn, detaching the droplet, which 
fell smoothly and freely through the vitreous on to 
the fundus, where it spread over the surface, clearly 
visible against the brilliant gold of the tapetum. It 
dispersed, leaving no area of obviously high concen- 
tration, within 15-20 min. ; an attempt to repeat the 
experiment in vitro, with a similar droplet falling and 
mixing in saline, gave a dispersion time of the same 
order. If the eye was manipulated or the head moved 
briskly during the observation, the time for dispersion 
was reduced to about 7 min. No definite streams of 
flow were seen, nor can any circulation of the vitreous 
be argued from the experiments ; but it is almost 
certain that the vitreous in this species in ordinary 
circumstances is a homogeneous fluid, probably kept 
stirred by the normal head and eye movements. It 
should also be noted that these experiments provide 
no evidence of a mingling of the aqueous and vitreous 
fluids. There is in fact good evidence that the fluids 
are quite separate. Aspiration of the vitreous does 
not withdraw any fluid from the anterior chamber, 
nor does the anterior chamber fill rapidly after 
aspiration of the aqueous humour which one might 
expect if there was free mixing of the fluids. Even if 
this evidence is insecure, as one might suppose the 
possibility of an iris-lens valve mechanism that 
prevented flow into or out of the anterior chamber 
under abnormal pressure, there is the further fact 
that particulate matter in the form of indian ink 
suspended in aspirated vitreous fluid and reinjected 
does not appear in the aqueous humour even after 
vigorous movements of the head and eye. 
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Size and Shape of Alfalfa Mosaic Virus 


In the course of purifying alfalfa mosaic virus we 
have found that at least three kinds of macromole- 
cular particles are produced by plants as a result of 
their infection with the virus, and that one of these 
is the infectious entity. In the electron microscope 
the virus particles, and also the other two particles, 
appear as small rodlets about 550 A. long and about 
200 A. in diameter. Thus they are not spherical, as 
previous isolates of alfalfa mosaic virus apparently 
are, and indeed they look markedly different from 
any viruses reported in the literature. 

The isolate used was obtained from ladino clover. 
Single local-lesion isolates were made from bean, one 
of which was retained and identified by cross protec- 
tion tests to be similar to isolate No. 96 of the Ameri- 
can Type Culture Collection’. It is similar in sympto- 
matology and concentration pattern to the unobtain- 
able alfalfa mosaic virus isolate extensively studied 
by Ross*. The virus was grown on Nicotiana tabacum 
L. var. 4231 and purified using methods similar to 
those described by Ross. Alternative methods 
involving differential centrifugation and n-butanol 
chloroform—water extraction® at 6° C. yielded purified 
material with similar specific infectivity. 

These purified preparations exhibited three closely 
spaced schlieren peaks in the analytical ultracentri- 
fuge with sedimentation coefficients at infinite 
dilution and 20° C. of 73, 89 and 99 Svedberg units. 
The buffer was 0-10 ionic strength of which 0-08 was 
contributed by sodium chloride and 0-02 by sodium 
phosphates. The areas under the schlieren peaks 
were in the ratio 43:14:43 for top, middle and 
bottom components respectively. No such peaks 
were observed in similarly prepared extracts from 
healthy plants. From its sedimentation behaviour, 
this material does not appear to be similar in its 
physical properties to Ross’s isolate, since his material 
under similar preparative conditions yielded a single 
sedimentation peak with a sedimentation constant of 
Srow = 708. 

The three components were partially separated 
from each other using sucrose density-gradient 
centrifugation techniques in a ‘Spinco’ SW 25 swing 
bucket rotor*®. Complete separations were not 
achieved because the resulting three bands were very 
closely spaced. In one experiment three fractions 
were obtained for electron microscopy, sedimentation 
and infectivity tests. Fraction 1 removed from the 
topmost band contained more than 90 per cent top 
component and less than 5 per cent middle and 5 per 
cent bottom components. Fraction 2 removed from 
the middle band contained about 30 per cent top, 
50 per cent middle and 20 per cent bottom com- 
ponent. Fraction 3 removed from the bottom band 
contained more than 90 per cent bottom component 
and less than 5 per cent middle and 5 per cent top 
components. All three fractions were serologically 
similar and gave identical ultra-violet absorption 
curves, with a maximum at 260 mu. 

Their relative infectivities were tested by assaying 
on the local-lesion host Phaseolus vulgaris L. var. 
Bountiful. Fraction 1 gave 5 lesions, fraction 2 gave 
405 lesions and fraction 3, containing predominantly 
bottom component, gave 1,900 lesions. Clearly, 
infectiviiy is associated with a particle having the 
sedimentation characteristics of the bottom com- 
ponent. The residual infectivity in fraction 1, and 
probably also in fraction 2, could be attributed to 
contamination with bottom-component particles. 
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Fig. 1. A uranium-shadowed preparation of fraction 3, taken in a 
Siemens Elmiskop I. (x 140,000) 


Electron microscope specimens were prepared 
using essentially the freeze-drying method of 
Williams*. Micrographs of the three fractions were 
indistinguishable, and all showed particles most of 
which had a minor dimension of about 240 A. and 
the majority of which had a major dimension of 
about 550 A. Fig. 1 is a typical micrograph of 
fraction 3, that is, the bottom component. Fig. 2 
shows the length distribution of 100 particles lying 
in the proximity of the particles of Fig. 1. It shows 
that some short particles exist, whereas only a few 
are longer than 600 A. 

As is the case with shadowed tobacco mosaic virus 
and with other elongated viruses’, centre-to-centre 
distances between several particles lying side-by-side 
is less than the measured width of isolated particles. 
The former is probably the more accurate measure of 
particle diameter. The average centre-to-centre 
distance measured in this work is about} 200 A. 
Thus the predominantly occurring macromolecular 
particle in our virus preparation is a short rod about 








60 

LENGTH DISTRIBUTION 
ee 9 AMV 
40 a 


No. of particles 
wo 
o 
' 


to 
Oo 
LJ 








10 — 























0 
200 300 400 500 600 700 
Particle-length (A.) 


The length distribution of 100 meio lying in the 
proximity of particles of Fig. 1 





Fig. 2. 





Se eee, ee ee ee ew ee a eee 


we we 





March 8, 1958 


200 A. in diameter and 550 A. in length. The 
predominant particles in the top and middle com- 
ponent preparations have similar dimensions. 

This work was supported in part by the Public 
Health Service and by the Research Committee of 
the University of Wisconsin Graduate School from 
funds supplied by the Wisconsin Alumni Research 
Foundation. 
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Virus Transmission by Dactynotus 
cichoricola H.R.L., a New Aphid on 
Chicory 

A sHiny, dark brown, rapidly multiplying aphid 
was observed in the early autumn of 1957 on 
Cichorium intybus L. var. foliosum cultivated as a 
vegetable in fields near Louvain (Belgium). Later, 
the insect was found on the same crop in several 
other places. The species, which is close to Dactynotus 
tussilaginis Wlk., was acknowledged as new by 
M. Hille Ris Lambers (Bennekom, Netherlands), and 
named by him Dactynotus cichoricola n. sp. In 
September, apterous and alate virginoparz, unwinged 
oviparous females and apterous males were captured, 
while in October only the last two forms could be 
found. 

Copulation of D. cichoricola is common under 
laboratory conditions ; the eggs are shiny black when 
1-2 days old. Oviposition takes place on the stalks 
and on the lower face of the leaves. Under natural 
conditions, some eggs were found on Cichorium 
intybus. Trials were conducted to determine whether 
this aphid is a vector of plant viruses. Only one 
aphid-borne virus, namely, cucumber mosaic virus}? 
is known on chicory. 

Young larve of oviparous females of Dactynotus 
cichoricola, collected on chicory in an open field, were 
reared in the laboratory on C. intybus seedlings until 
they were adult. They were then starved for 2-3 hr. 
and allowed to feed for 1 min. on tobacco leaves 
infected with a cucumber mosaic strain isolated from 
chicory. Many of them did not insert their stylets 
in the leaf tissues, although they had the typical 
feeding aspect ; these were removed. The remainder 
ty immediately transferred to the test-plants for 
“ i. 

Of three inoculated cucumber seedlings var. Blanc 
hatif (ten aphids on each plant), two showed the 
typical symptoms of the virus after 8 days. Control 
plants inoculated with non-infectious aphids remained 
unaffected. 

Of three inoculated tobacco seedlings var. Samsun 
(five aphids on each plant), two became infected with 
the virus as was shown by the symptoms and by a 
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protection test against Pierce’s yellow strain of 
cucumber mosaic virus. 

Not one of six aphid-inoculated chicory seedlings 
var. foliosum (five aphids on each plant) became 
infected, but two of five plants showed the typical 
symptoms of the virus when inoculated with 
infectious tobacco sap mixed with ‘Carborundum’. 
These results agree with the very low infection- 
rate of chicory cultures by cucumber mosaic 
virus. 

The same method was used with aphids fed for 
1 min. on beet leaves infected with beet mosaic virus 
and transferred to three young beet seedlings var. 
Kleinwanzleben E. (five aphids on each plant). The 
symptoms of the virus infection became apparent on 
one of the beets after 13 days. 

It was observed that most of the chicory leaves 
colonized by D. cichoricola in the field showed brittle 
areas with interveinal yellowing and thickening. Sap 
inoculation, and aphid transmission trials with Myzus 
persicae Sulzer, Myzus ascalonicus Doncaster and 
Dactynotus cichoricola H.R.L. were made from those 
leaves on to chicory seedlings, but no reliable results 
were obtained to support the idea that the symptom 
is associated with a virus. 

I thank Prof. R. Vanderwalle for his helpful 
criticism during the experiments. Virus-infected 
material sent by Mr. F. C. Bawden, Rothamsted 
Experimental Station, and Dr. K. M. Smith, Univer- 
sity of Cambridge, is gratefully acknowledged. 

J. SEMAL 

Plant Pathology Laboratory, 

Agronomical Institute, 
Gembloux, Belgium. 
Dec. 6. 
& mat 5 M., “Virus Diseases of Farm and Garden Crops” (Worcester, 


"Roland, G., Parasitica, 12, 1 (1956). 


Relationship of Tectoquinone to Durability 
in Tectona grandis 


Tue heartwood of teak (Tectona grandis L.f.) is 
extremely resistant to attack by insects or by fungi ; 
but the reasons for this resistance are not known. It 
is usually ascribed to the presence of toxic substances, 
and it has been suggested that tectoquinone (8-methyl 
anthraquinone), which is characteristically present in 
teak heartwood, may be responsible. Wolcott! has 
shown this substance to be highly repellent to the 
dry-wood termite Cryptotermes brevis (Walker), and 
Sandermann and Dietrichs? have demonstrated its 
toxicity, in high concentrations, to the North Ameri- 
can subterranean termite Reticulitermes flavipes Kol. 
No reference seems to have been made to its toxicity 
to fungi. In current investigations into the chemical 
basis of the durability of teak, we have examined the 
amount of tectoquinone in teak from Thailand and 
Indonesia, and its toxicity to decay fungi and to 
subterranean termites. 

Tectoquinone was readily identified on paper 
chromatograms by its bright green-yellow fluorescence 
in ultra-violet light. It was observed at Ry 0-90 in 
n-butanol/acetic acid/water (6:1:2) at 20°C.; 
anthranilic acid, used as a marker, was located at 
Ry 0-85 under these conditions. Using n-butanol 
saturated with an ammonia buffer (Fewster and 
Hall*), tectoquinone had an Ry value of 0-94, while 
benzoic acid, used as a marker, had an Ry value of 
0-44. The tectoquinone present in several samples of 
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Table 1. TECTOQUINONE CONTENT AND DURABILITY OF TEAK BLOCKS 





Decay Termite attack | 


C. cere- | T’. lilac- 
Tecto- bella |ino-gilva 
quinone 





0. tatews _| 


























par Weight-| Weight. | Weight- sn | 
loss (per | loss (per |loss(per| (per 
cent) cent) cent) cent) | 
Teak 1 (Thailand) 
| Outer heartwood | 0-58 0-9 2-0 a3 | 7 
Middle heart- 
| “wood 0-29 3:3 8-1 5-7 | 69 
| Inner heartwood 0-12 17°8 34-2 13-2 73 
Teak 2 (Indonesia) 
Outer—middle 
heartwood 0-11 1-1 12 18-0 66 
| Mountain ash 
| heartwood (con- 
trol) _ 45-6 57°8 100-0 65 
Unfed control 
| termite colony _ — _ _ 68 














Each result is the mean of five blocks for fungi and eight for termites. 
* All C. lacteus colonies (including unfed control) survived for the 
whole of the test (84 days) ; survival (per cent) is given on the 84th day. 


teak was isolated by thorough extraction of the saw- 
dust with ether followed by methanol ; partial puri- 
fication was carried out by paper chromatography 
and alkali washing. The tectoquinone was estimated 
by conversion to the sodium salt of dihydro-tecto- 
quinone, and the absorption at 417 my (max.) 
compared with standards of this derivative made 
from pure tectoquinone (B.D.H., Ltd.). The results 
are given in Table 1 and show that the amount of 
tectoquinone in durable outer heartwood was as high 
as 0-58 per cent (oven-dry basis). Kafuku and Sebe‘ 
have isolated 0-3 per cent of tectoquinone from teak 
heartwood and recently Sandermann and Dietrichs?* 
have isolated 0-36, 0:56 and 0-88 per cent from 
Indonesian, Thai and Burmese teak respectively. 

The amount of tectoquinone present in different 
samples of teak was then compared with the resistance 
of matched test blocks to attack by the wood- 
destroying fungi Coniophora cerebella Pers. DFP 1779 
and Trametes lilacino-gilva Berk. DFP 1109 and by 
the subterranean termite Coptotermes lacteus (Frogg.). 
The resistance of the test blocks to decay was 
measured by a soil—- wood block decay test®, and 
termite resistance was measured by the standard 
laboratory colony test of Gay et al.*; these results 
are given in Table 1. 

To determine the toxicity of tectoquinone to 
wood-destroying fungi, known amounts of pure 
tectoquinone (B.D.H.) were dissolved in ether and 
added to known amounts of decay-susceptible saw- 
dust from the heartwood of mountain ash (Hucalyptus 
regnans F, Muell.). The methanol was removed by 
vacuum-drying and 0-5-gm. samples of sawdust 
tested for decay resistance in the soil jar-sawdust 
dish technique described by Da Costa and Rudman’. 
The results (Table 2) show no evidence of toxicity 


Table 2. EFFscT OF TECTOQUINONE IN MOUNTAIN ASH SAWDUST ON 
DECAY FUNGI 








Tectoquinone in C. cerebella T. lilacino-gilva 
mountain ash Weight-loss Weight-loss 
(per cent) (per cent) (per cent) 

0-00 44°8 23-4 

0-05 47-4 23-5 
010 49-1 21°65 
0 20 47-0 23-6 
0-40 48-4 22-2 
0-80 46°83 23-4 
1-60 44-6 22-0 











Each result is the mean of four replicates 












March 8, 1958 


VoL. 181 


even at concentrations well above those found in teak. 
(These two test fungi, under similar conditions of 
test, will not produce weight losses of more than 
3 per cent in sawdust from durable teak heartwood.) 

The toxicity of tectoquinone to termites was 
determined by dissolving known amounts in benzene 
and mixing the solution into 100-gm. samples of 


mountain ash sawdust. The sawdust was bonded 
with melamine powder under pressure into a compact 
board, the temperature being maintained at 70° C. 
for the first 4 hr. of the 24-hr. pressing period. Test 
samples, approximately 34 in. x 4 in. x 4 in., were 
sawn from these boards and tested in standard 
laboratory termite colonies of C. lacteus and of 
Nasutitermes exitiosus (Hill) ; the results are given in 
Table 3. Although the progressively smalier amounts 
eaten (weight-loss) with increasing loadings indicate 
that tectoquinone is distasteful and/or nutritionally 
unsatisfactory to these termites, the amount of attack 
is far greater than that obtained on samples of durable 
teak heartwood of smaller tectoquinone content. 
Comparison of survival-rates with those of the unfed 
colonies indicates that there is no actual toxic effect. 


Table 3. EFFECT OF TECTOQUINONE IN MOUNTAIN ASH SAWDUST ON 
SUBTERRANEAN TERMITES 

















| 
| C. lacteus N. exitiosus 
Tectoqataone je es = 
mountain as eight- , e - 
(per cent) loss | Prim ar loss cae 
(per cent) | pe (per cent) | ‘Pe | 
0-00 83-4 | 56-9 90-4 40-0 | 
0-30 68-1 61-0 756 37-5 
| 0-60 31-5 55-0 50-7 29-1 
1-20 15-3 60-6 16-2 0-0* 
Unfed control | 
colony —_ 57:7 — 0-07 











Each result is the mean of three, except for unfed control which is 
the mean of two. Duration of test: 84 days. 

* Colonies only survived a mean of 54 days. 

+ Colonies only survived a mean of 50 days. 


In general, it may be concluded that although 
tectoquinone occurs in appreciable quantities in teak 
heartwood, it shows no sign of toxicity to wood- 
destroying fungi ; its effect on subterranean termites 
is relatively slight, and it is not solely responsible for 
the termite resistance of teak. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 10 


UNIVERSITY COLLEGE, LONDON (in the sng mclent Theatre, Gower 
Street, London, W.C.1), at 5 p.m.—Dr. J. Judah: “Oxidative 
Phosphorylation”. a | — lecture on March 17.) 

RoyaL —— OF ARTS ohn Adam Street, péctons London, 
W.C.2), at 6 p.m.—Sir William. Pugh, O.B.E., F.R.S.: “The Geo- 
logical ‘Survey of Great Britain’. (First of two Cantor Lectures. 
Further lecture on March 17.) 

INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (joint meeting with the INSTITUTION OF CIVIL 
ENGINEERS, at Great George Street, London, 8.W.1), at 6.30 p.m.— 
Vv ice-Admiral Sir Archibald Day, K. ‘B. E., C. B., D.S.0O.: “The Inter- 
national Geophysical Year’’. 

RoYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
S.W.7), at 8.30 p.m.—Prof. P. M. 8. Blackett, F.R.S.: ‘‘Rock Mag- 
netism as Evidence of Continental Drift”. . 


Tuesday, March II 


ZooLogicaAL SociETY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Scientific Papers. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Scientific Papers. 

INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the 
National College of Rubber Technology, Holloway, London, N.7), 
at 5.30 p.m.—Mr. E. Hornby: “Modern Methods of Tyre Building 
and Vulcanizing”’. 7 p.m.—Research Lecturers and Demonstrations. 


Tuesday, March 11—-Wednesday, March 12 


SOCIETY OF CHEMICAL os a amg CoRROSION GROUP (at the 
Institution of Mechanical Engineers, 1 Birdcage Walk, Westminster, 
London, 8.W.1), at 9.30 a.m, daily—Symposium on “The Protection 
of Motor Vehicles from Corrosion”. 


Tuesday, March 1!—Thursday, March 13 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (in the 
Royal Horticultural Society’s New Hall, Greycoat and Elverton 
Streets, London, 8.W.1)—Tenth Technical Exhibition.* 


Vednesday, March 12 


RoYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Mr. N. W. Pirie, F.R.S.: ‘World Hunger as a 
Biochemical Problem” (Frankland Armstrong Memorial Lecture). 


PALEZONTOLOGICAL ASSOCIATION (at the Geological Society of 
London, Burlington House, Piccadilly, London, W.1), at 4.45 p.m.— 
Prof. O. M. B. Bulman, F. R.S.: “The Sequence of Graptolite Faunas” 
(First Annual Address). 

ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, 
London, W.1), at 5.30 p.m.—Dr. H. D. Anthony: ‘Scientific Books 
of the 18th Century and the Emergence of Modern Science’. 

INSTITUTE OF WELDING (at 54 Princes Gate, Exhibition Road, 
London, 8.W.7), at 6 p.m.—Prof. Sir Alfred Pugsley, F.R.S.: “The 
Influence of Welding on Structural Design’’. 

SoclETY OF CHEMICAL INDUSTRY, Foop Group (joint meeting with 
the MICROBIOLOGY GROUP, at 14 Belgrave Square, London, 8.W.1), 
. or p.m.—Meeting on “The Prevention of Microbial Spoilage in 

ruit” 

RADAR AND ELECTRONICS ASSOCIATION (in the Anatomy Theatre, 
University College, Gower Street, London, W.C.1), at 7.30 p.m.— 
Prof. A. C. B. Lovell, O.B.E., F-R.S.: “The Jodrell Bank Radio- 
telescope in Action”. 


Thursday, March 13 


Royal Society (at Burlington House, Piccadilly, London, W.1), 
at 10.30 a.m,—Discussion on “‘The Physiology and Biochemistry of 
Lactation”. 

LINNEAN Socrety OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Prof. T. G. Tutin and Dr. V. H. Heywood : 

“The Flora Europaea Project”; Dr. J. Ramsbottom, OBB. : “Ph, 
Micheli’s Nova Plantarum Genera, 1729’ 

INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
(at Savoy Place, London, W.C.2), at 5.30 ‘D.m.—Mr. D. L. Smart 
and Mr. J. J. L. Weaver: “The Use of Steel-Tank Mercury-Arc In- 
verters for Generating Medium Frequencies for Induction Heating”. 

UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof. Kurt Mothes (Deutsche Akademie der Wissenschaften 
zu Berlin): ‘‘Physiology of Alkaloids”.* (First of two Special Univer- 
sity Lectures in Pharmacy. Further lecture on March 14.) 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the West HaM COLLEGE OF TECHNOLOGY CBUMICAL SoclEty, 
at the West Ham College of Technology, Romford Road, London, 
e teat at 7 p.m.—Mr. I. Goodman: “The Chemistry of ‘Synthetic 

ibres” 

CHEMICAL Society (at Burlington House, Piccadilly, London» 
W.1), at 7.80 p.m.—Prof. Dr. W. Klemm: ‘“Metalloids and Their 
Compounds with the Alkali Metais” (Centenary Lecture). 


Friday, March 14 


SOCIETY FOR WATER TREATMENT AND EXAMINATION (at the Royal 
Society of Health, 90 Buckingham Palace Road, London, 8.W.1), at 
9.30 a.m.—Annuai General Meeting, followed by Scientific Papers. 





NATURE 723 


ROYAL INSTITUTE OF BRITISH ARCHITECTS (in the Jarvis ey 
R.1.B.A., 66 Portland Place, London, W.1), at 2.15 p.m.—Sym —— 
on “‘The Design of Teaching Laboratories in Universities and lleges 
of Advanced Technology”. 

BRITISH GLACIOLOGICAL Socrety (at the ag yd School, at 
Bristol Road, Birmingham), at 5.30 p.m.—Mr. W. H. Ward: 

Ice Caps and ‘Glaciers of Baffin Island”. 

INSTITUTE OF PHYSICS, Non-DESTRUCTIVE TESTING GROUP (at 
47 Belgrave Square, London, $.W.1), at 6 p.m.—Meeting on “X-Ray 
Microscopy”. Prof. R. W. = Honeycombe : “Surfaces Reflection 
Techniques” ; Mr. P. Duncomb: “Electron Probe Methods”. 

Society OF CHEMICALS INDUSTRY, FINE CHEMICALS GROUP (joint 
meeting with the LONDON SECTION, “at 14 a, Square, London, 
8.W.1), at 6.30 p.m.—Mr. E. 8. Hedges and Dr. G. M. Van der 
Kerk: ‘Research on Organotin Compounds and their Technological 
Applications”. 

ROYAL PHOTOGRAPHIC SOOIETY (at 16 Princes Gate, London, 8.W.7)>» 
at 7 p.m.—Mr. S. W. Simmons: ‘‘Kinematograph Instrumentation”: 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. H. 8. W. Massey, F.R.S. : “Artificial Satellites”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (with a degree in science or agriculture and 
an interest in dairy chemistry) IN CHEMISTRY—The Secretary, West 
Cece at Agricultural College, 6 Blythswood Square, Glasgow, C.2 
(Mare A 

ASSISTANT, Grade B, FOR ANATOMY, PHYSIOLOGY AND SOME 
BIOLOGY ; an ASSISTANT, Grade B, FOR CHEMISTRY AND SCIENCE ; 
and an ASSISTANT, Grade *A, FOR GENERAL LABORATORY TECHNIQUES 
AND SCIENCE—The Secretary, yen Technical College, Saltram 
Crescent, London, W.9 (March 14). 

ASSISTANT LIBRARIAN (CHARTERED LIBRARIAN) IN THE DAIRY 
SCIENCE LiBRARY—The Secretary, National Institute for Research 
in Dairying, Shinfield, Reading, quoting Ref. 58/4 (March 15). 

LECTURER IN ORGANIC CHEMISTRY—The Principal, Nottingham and 
District Technical College, Shakespeare Street, Nottingham (March 15). 

LECTURER (Grade II) IN PURE MATHEMATICS—The Registrar, The 
University, Bristol (March 17). 

SCIENTIST (with a good honours degree or equivalent in chemistry, 
chemical engineering or metallurgy and a number of years experience 
in a responsible position in industrial research, development or pro- 
duction operations, and preferably experience in ‘uranium or ceramics), 
at Springfields Laboratory, Salwick, Preston, Lancashire, to lead a 
section which is principally concerned with the experimental manu- 
facture of ceramic fuels—The Recruitment Officer, United Kingdom 
Atomic Energy Authority, I.G.H.Q., Risley, Warrington, Lancashire, 
quoting Ref. 2289 (March 17). 

HEAD (with good academic and teaching qualifications and prefer- 
ably industrial experience) OF THE MATHEMATICS DEPARTMENT—The 
Clerk to the Governors, Woolwich Polytechnic, London, 8.E.18 
(March 20). 

ASSISTANT CURATOR (ETHNOLOGY) (with a good honours degree 
or diploma and preferably museum experience) at Horniman Museum, 
London, 8.E.28—The Education Officer (EO/Estab.2/F), The County 
Hall, London, 8.E.1 (March 21). 

JUNIOR LECTURER IN PHYSICAL CHEMISTRY—The Registrar, Trinity 
College, Dublin (March 22). 

ASSISTANT LECTURER AND DEMONSTRATOR IN ZooLoGy—The 
Secretary, Queen Elizabeth ian gt (University of London), Campden 
Hill Road, London, W.8 (March 24 

ASSISTANT LECTURER (with qualificationsin petrology) IN GEOLOGY ; 
and an ASSISTANT LECTURER (with — ualifications in pure mathematics) 
IN MATHEMATICS—The Registrar, The gece Hull (March 28). 

ASSISTANT LECTURER or LECTURER MATHEMATICS—The 
Registrar, University College, fingiston, Pin Swansea (March 29). 

EXPERIMENTAL OFFICERS (with a degree in horticulture or botany 
or equivalent) IN THE PoMOLOGY SECTION, for (a) experiments on 
propagation of fruit plants, and (0) field experiments on small fruits— 
ies oT East Malling Research Station, near Maidstone, Kent 
(Mar 

KEEPER (with a university degree in botany or zoology or the 
Diploma of the Museums Association, and previous museum experience) 
OF THE DEPARTMENT OF BIOLOGY in the Leicester Museums—The 
Director, Museums and Art Gallery, New Walk, Leicester (March 31). 

LECTURER IN PSYCHOLOGY at the University of Natal, Durban— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (South Africa, March 31). 

Post-DOcTORAL FELLOW IN CHEM HEMISTRY, for work on thermo- 
dynamic and relaxation behaviour of polyblycol-solvent s: —- 
Dr. B. E. Conway, oe opr of Chemistry, University of Ottawa, 
Ottawa, Canada ( 

RESEARCH FELLOW IN THE CHEMISTRY DEPARTMENT, for funda- 
mental work on tentially useful in the int industry— 
The Professor of Chemistry, The University, Hull ( ch 31). 

LECTURER (with a degree in culture and a ific interest in 
— husbandry generally and poult vi Sheed in Nat cular) at Gwebi 

icultural College (Ministry of = Salisbury, Southern 

z odesia, for duties which will include ame and giving practical 
instruction to ony a in certain gerne 8 “4 animal husbandry, 
including sneteeey, siology and in husbandry—The 
Secretary a ph nteed 429 Strand, eine: W.C.2 pozet}). 
LECTURER/S LECTURER (pre’ ferably with a principa: interest 

in peter es i pipebelogiea or chemical cytology) IN HISTOLOGY 
and EMBRYOLOGY at the University as hg ow Australia—The 
Secretary, Association of Universities of ish Commonwealth, 
**ycronm. (wii an hons oe degen tu ongioaertng a 
an honours degree in e ng or physics an 
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Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia, April 5). 

RESEARCH OFFICER (qualified zoologist with experience of fisheries 
research) IN THE FISHERIES RESEARCH UNIT within the Department 
of Biology, University of Hong Kong—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (Hong Kong, April 8). 

UNIVERSITY STUDENTS AND FELLows, for experimental or theoretical 
research in nuclear and elementary particle physics—The Professor 
of Natural Philosophy, The University, Glasgow, W.2 (April 12). 

SENIOR LECTURER (with a degree in science with geology as a 
major subject, and experience in modern mineralogical techniques) 
IN GEOLOGY at the University of Western Australia—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia, April 30). 

TURNER and NEWALL RESEARCH FELLOWS IN ENGINEERING, 
INORGANIC CHEMISTRY, Puysics and allied subjects—The Registrar, 
The University, Manchester 13 (April 80). 

PRINCIPAL (graduate of a university in the British Commonwealth, 
a wide experience of agricultural teaching or advisory work, ex- 
perience of administration and a sound knowledge of commercial 
agriculture, and preferably under 45 years of age) OF THE ROYAL 
AGRICULTURAL COLLEGE—Joint Clerks to the Governors, Royal 
Agricultural College, 7 Dollar Street, Cirencester, Glos (May 1). 

SENIOR TECHNICIAN or TECHNICIAN IN THE DEPARTMENT OF 
CHEMISTRY, University College, Ibadan, Nigeria—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (May 2). 

ASSISTANT CHEMIST (male or female, with training in agricultural 
chemistry, and preferably postgraduate experience), to carry out 
investigations into matters concerning turf maintenance—The Secre- 
tary, The Sports Turf Research Institute, Bingley, Yorkshire. 

CHIEF PLANT PuysIOLoGist in the Division of Plant Industry, 
Department of Agriculture and Stock, Brisbane, Australia—Agent- 
General for Queensland, 409 Strand, London, W.C.2. 

ENGINEERS AND PuysicistTs (with an honours degree), for work in 
Sheffield on problems of metal plasticity, lubrication, heat transfer, 
and their application to the manufacture of wrought steel products— 
The Personnel Officer, British Iron and Steel Research Association, 
11 Park Lane, London, W.1, quoting “M.W.2”. 

LECTURER, ASSISTANT PROFESSOR, POSTDOCTORATE FELLOW, and 
RESEARCH ASSISTANT IN THE DEPARTMENT OF PuHysics—Head of 
ot ee of Physics, University of British Columbia, Vancouver, 

LECTURER IN MATHEMATICS, to teach pure and applied mathe- 
matics to degree standard—The Clerk to the Governors, Northern 
Polytechnic, Holloway, London, N.7. 

LECTURERS (with special qualifications in (a) organic chemistry 
or (6) physical chemistry) In CHEMISTRY—The Secretary, Royal 
College of Science and Technology, Glasgow. 

PHYSICIST (with at least an M.Sc. degree or equivalent)—Dr. E. 
—— Superintendent, General Hospital, St. John’s, Newfoundland, 

Puysicists, Experimental Officer or Assistant Experimental Officer 
grade, to work in collaboration with scientists on research in the 
following: (a) properties of solids under high stress and high rates 
of strain; (6) physics of detonation process and propagation of in- 
tense shock waves; (c) development of transient spectrographic 
peer por) ge and application to study of high temperature gas eo : 
and (d) experimental hydromagnetics—The Senior Recruitment 
Officer, Atomic Weapons Research Establishment, Aldermaston, 
ee Reotine, Bat. 0/1463/34. 

TIFIO ASSISTANT (ENTOMOLOGY) to assist in field work on 
controlling Culicoides in Scotland—Dr. D. 8. Kettle, Midge Control 
Unit, Zoology Department, West Mains Road, Edinburgh. 

. SCIENTIFIC ASSISTANT (with a good science degree, a reading 

nowledge of two European languages (preferably other than French 

= German), ability to write ge ey and preferably a know- 

—— of soil science and plant physiology), for work in a scientific 

oe vee ee | cag re and indexing—The Director, 
ureau of So 

Harpenden, Herts 8, msted Experimental Station, 

SENIOR SCIENTIFIC OFFICER or SCIENTIFIC OFFICER CHEMIST (with 
@ first- or second-class honours degree in chemistry or equivalent) 
IN THE INSECTICIDE SECTION of the Pest Infestation Laboratory, 
D.8.1.R., Slough, Bucks, for work on contact insecticides for the 
= x! oma, noes ee Ministry of Labour and National 

, Tec an entific ister (K), 26 Kin; et, , 
pp AS Cy F.165/8A, ‘ ti aupaenenians 

ECHNICIAN (with considerable experience in histological 
and photographic techniques, together with experience in the poe ame 
bei Bn — Ly = 4 Ene ee a ~ gp DEPARTMENT— 

8 Hos: ca. .E. 
quoting Ref ae Pp’ ool, London Bridge, 8.E.1, 

TECHNICIAN (preferably with experience in biochemical or micro- 
biological techniques) to assist in research in the Biochemistry Lab- 
oratories—The Secretary, Institute of Dental Surgery (University of 
London), Eastman Dental Hospital, Gray’s Inn Road, London, W.C.1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Eton College Natural History Society. Twelfth Report, 1955-1957. 
Pp. 52. (E‘on: Eton College Natural History Society, 2) 


‘Annual Report of the National Oceanographic Council, 1956-57. 
Pp. v +34. ( : At the University 1957.) 5s. net. [1612 
Federation of Bri Industries. The Training of Designers for 


Industry: Furniture, Pottery, Printing and Textiles. (A Report of a 
One-day Conference between industrialists and Educationalists, 


NATURE 





March 8, 1958 


VOL. 181 





London, 1957.) Pp. vii+50. (London: Federation of British pie. 


tries, 1957. . 6d. [1612 
ttish ne Biological Association. Annual Report, 1956-57. 

Pp. ii+34. (Millport, Isle of Cumbrae: Scottish Marine ‘Biologicai 
Association, 1957.) 4s. [1612 
Government Administration in Wales: Text of a letter addressed by 
the Prime Minister to the Chairman of the Council for Wales and 
Monmouthshire. Pp. 7. (Cmnd. 334.) (London: H.M. Stationery 
Office, 1957.) . net. [1612 
Building Research Station Digest, No. 104 (November, 1957): 
liany. Pp. 5 (London: H.M. Stationery Office, a 


$d. 12 
Coal Tar Research Association. Review of Coal Tar Teckaclony, 
Vol. 9, Part 1 (January-June, seer? Pp. 97. (Gomersal, 3 
Coal Tar Research Association, 1957.) 10s. {1612 
Other Countries 
Carnegie Institution of Washington. Report of the President. 
ie Institution of Washi 


Pp. 33. age mow from Carnegie f Washington Year 
Book, 56, for the year 1956-57.) (Washington, D.C.: Carnegie Institu- 
tion of Washington, 1957.) [1612 


Institut National pour I’Etude Agronomique du Congo Belge. 
Au Service de l’Agriculture Congolaise. Quatrieme edition. Pp. 156. 
: Institut National pour I’Etude Agronomique du Congo 
elge, 1957.) 1612 

United States Department of the Interior: Geological Survey. 
Bulletin 1019-G: Bibliography of Titanium Deposits of the World. By 
Robert Lawthers and Helen R. Mark. Pp. iii+543-608. 25 cents. 
Bulletin 1030-M : a of Indicator Plants and Methods of 
Botanical Prospecting for Uranium Deposits on the Colorado Plateau. 
Rd Helen L. Cannon. Pp. iv+399-516. 50 cents. Bulletin 1042-K : 
Dismal Swamp Placer Deposit, Elmore County, Idaho. By Frank C. 
Armstrong. . ii +383-392 +plate 18. 15 cents. Bulletin 1059-C : 
Selected Annotated Bibliography of the Geology of the Sandstone-type 
Uranium Deposits of the United States. By Robert E. Melin. Pp. 
iii+59-176. 85 cents. Bulletin 1074-A: Mineralogic Classification of 
Uranium-Vanadium Deposits of the Colorado Plateau. By Theodore 
Botinelly and Alice D. Weeks. .1ii+5+plate 1. 40 cents. Water- 
Supply Paper 1320-B: Floods of May-June 1953 in Missouri River 
Basin in Montana. Prepared under the direction of J. V. B. Wells. 
Pp. vii+69-153+plates 8 and 4. 1 dollar. Water-Supply Paper 
1377: Geology and Ground-Water Resources of hen County, 
Wyoming. By J. R. Rapp, F. N. Visher and R. T. Littleton. Pp. 
vi+145+4 plates. 1.75 dollars. Water-Supply Paper 1414: Water 
Resources of the Neuse River Basin, North Carolina. By G. A. 
Billingsley, R. E. Fish and R. G. pone oe Pp. vii+89+3 plates. 35 
cents. Water-Supply Paper 1418: Geology and Ground Water, Heart 
Mountain and Chapman Bench Divisions, Shoshone Irrigation Project, 
Wyoming. By Frank A. Swenson. Pp. iv+55+7 plates. n.p. 
wate Senay Sapet 1421: age, and Ground-Water urces of 
Outagamie County, Wisconsin. By E. F. LeRoux. Pp. iv+57.1 
dollar. (Washington, D.C.: Government Printing Office, 1957.) [1612 

Conseil Permanent International pour ]’Exploration de la Mer, 
Charlottenlund-Slot, Danemark. Fiches d’Identification du Zoo- 
plancton, Nos. 61-70. Rédigé par J. H. Fraser et G. Thorson. . 54, 
(Copenhague : Andr. Fred Host et Fils, 1957.) 15 Kr. 1612 

Durban Museum Novitates. Vol. 5, Part 3 (1 November, 1957): 
The Systematics of the Little Purple-Banded Sunbird Cinnyris 
bifasciatus (Shaw), with Notes on Its Allies. By P. A. Clancey and 
John G. Williams. Pp. 27-42. . Vol. 5, Part 4 (10 Novem- 
ber, 1957): Miscellaneous Taxonomic Notes on African Birds: De- 
scriptions of Six New Races of Birds from the Interior of South Africa. 
A 7; A. Clancey. Pp. 48-50. 2s. 6d. (Durban: Durban es 

957. 

Fiskeridirektoratets Skrifter. Serie Havundersokelser. Vol. 11, 
No. 8: Factors Influencing the Size of the Year Classes in the Arcto- 
Norwegian Tribe of Cod. By Kristian Fredrik Wiborg. Pp. 24. 
Vol. 11, No. 9: Notes on the Energy Metabolism of the Cod (Cadus 
callarias L.), and the Coalfish (Cadus virens L.) in Relation to Body 
Size. By Gunnar Sundnes. Pp. 10. (Bergen: A/S John Griegs 
Boktrykkeri, 1957.) 1612 

Chicago Natural History Museum. Fieldiana: Zoology. Vol. 39, 
No. 8 (October 31, 1957): The Venomous Coral Snakes of Trinidad. 
By Karl P. Schmidt. Pp. 25 cents. Vol. 39, No. 9 (October 


31, 1957): Notes on Lizards of the Genus Dierodon. By Karl P. 

midt. . 65-72. 20 cents. Vol. 39, No. 10 (October 31, 1957): 
Geographic Variation in the Central American Colubrine Snake, 
Nin By Karl P. Schmidt. Pp. 73-84. 25 cents. Vol. 4, 


ia sebae. % 
No. 1 (October 11, 1957): Birds from Nepal. By Austin L. Rand and 
Robert L. Fleming. Pp. 218. 3.50 dollars. (Chicago, Ill.: Chicago 
Natural History Museum, 1957.) 1612 
Proceedings of the American Philosophical Society. Cumulative 
Index, Volumes 76-100, 1936-1956. Pp. 48. (Philadelphia: American 
Philosophical Society, 1957.) (1612 
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SCIENTIFIC @ re, 0 MOBILE 


High Performance 


ELECTROMAGNETS 


Precision built for 
basic research 





Suitable for use in nuclear resonance and 
induction measurements, determination of 
magnetic susceptibility and microwave spectro- 
scopy. 


Magnets available up to 35,000 gauss. Stabi- 
lized power supply units available for all types. 





Type *A’* air cooled (to Clarendon Laboratory . ° > 
design) 27” long x 12” wide x 17” high, Write for full specification and performance curves. 


net weight 54 cwts. 


NEWPORT INSTRUMENTS (Scientific & Mobile) LTD 


NEWPORT PAGNELL - BUCKS - ENGLAND 
TELEPHONE: NEWPORT PAGNELL 401/2 




















GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


@ MIRRORS—back silvered and tront 
surface aluminised, etc. 


@ BLOOMING of opticai components. 


Cc. J. WHILEMS, LTD. 


ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone : HAinault 5454-5 























ceclxxxviii 


A NEW 


REVERSION SPECTROSCOPE 


» This new model (No. 3505) is constructed on the 
| reversion principle originated by Prof. H. Hartridge 
F.R.S. It enables readings to be made with ease 
© and great accuracy. 


Catalogue of Spectroscopes, post free from:— 


)R&J BECK LTD-“smr 











GREEN’S 
i _ aL 








Always pure and 
reliable. Quantitative 
and Ashless. 

Write for descriptive 
catalogue NG.58 


J. BARCHAM GREEN LTD. 
MAIDSTONE, ENGLAND 
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2=micron 
stage micrometer 


We proudly announce that our §.12 Stage Micro- 
meter is now in production. This divides 100 microns 
into 50 parts of 2 microns each, numbered every tenth 
line. 


We have taken great pains to ensure the highest 
accuracy for this new scale which should be invaluable 
for calibrating with top power objectives. 

Price 90/- each. 


Fully illustrated catalogue sent free on request. 


raticules 


Lim tT: BD 


57-60 HOLBORN VIADUCT, LONDON, E.C.1 
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D-845 REFERENCE CELLS 


These cells will function under widely varying temperature 
conditions—be tolerant to a wide range of mounting positions 
— withstand rough handling and yet maintain an accurate 
and stable reference voltage. Mounted and unmounted types 
are available from stock in limited quantities. 


SPECIFICATION 

E.M.F. 1-0193 volts absolute, subject to manufacturing 
tolerance of 00005 V Unmounted, 0-0002 V Mounted. 
Temperature coefficient Does not exceed 5uV/°C over 
the range 10°—40° C. 
Temperature hysteresis Negligible over the normal 
temperature range. 
Internal resistance at 25°C. 
maximum 1200 ohms. 

Write for publication 5739 


Average 800 ohms, 
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